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ABSTRACT 
 
The translocation of rhinoceroses is extremely stressful to the animal and this may 
strongly affect the success of translocation. The objectives of this study in white 
rhinoceroses were to (i) validate a non-invasive assay using faecal metabolites to 
assess the stress response in the white rhinoceros, (ii) to assess the stress response 
in the white rhinoceros associated with capture, handling, transportation and 
confinement, to be able to predict at capture which animals will adapt to 
confinement, and (iii) to investigate the use of the acute phase proteins (APP), 
serum amyloid A (SAA) and haptoglobin (Hp) as indicators of stress associated 
with capture and confinement. To achieve these objectives blood and faecal 
samples were collected from each rhinoceros at capture, and whenever possible, 
during confinement. To assess the hypothalamic-pituitary-adrenocortical axis 
(HPA) response of white rhinoceroses an ACTH challenge was performed and 
plasma cortisol and faecal glucocorticoid metabolites (FGM) were measured with 
a commercially available 125I RIA kit and a 125I corticosterone RIA kit, 
respectively. Gastrointestinal transit time was estimated with the use of an inert 
marker. Results showed a 4-to 8-fold increase in plasma cortisol within 15 to 20 
minutes and a 3-fold increase in FGM concentration 60 to 90 hours later. 
Although this FGM measurement is non-invasive, relevant and robust, the time 
required to complete the extraction and assay could take several days. This 
measurement can be advantageous to monitor the stress of animals in confinement 
but has no application where animals are captured and immediately translocated. 
Measurement of plasma cortisol and FGM was also used to assess stress in 
rhinoceroses following transportation and in confinement. The results show that 
rhinoceroses have variable individual responses to capture and confinement and 
although there was evidence of behavioural habituation, HPA activity showed that 
there was no physiological habituation. We could not establish any predictor of 
success of habituation in the boma environment. The APP results showed that Hp 
is more likely to be an indicator of metabolic stress; rather than physical and 
psychological stress; while SAA responds rapidly to physical and psychological 
stress in the rhinoceros. It was also found that plasma cortisol was positively 
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associated with SAA concentration when the animal is transferred to the boma, 
and that SAA may be a potential plasma biomarker to identify animals which 
could be at risk of failing to habituate to confinement.  
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CHAPTER 1 
 
Introduction 
 
Animal populations all over the world are declining as a result of human activity 
(Cooke et al., 2014) and human impacts or anthropogenic impacts. This includes 
impacts on the biophysical environment and biodiversity (Sahney et al., 2010; 
Hawksworth and Bull, 2007; Hutchins and Kreger, 2006).  In this regard 
conservationists need to consider interdisciplinary approaches and find rationales 
to prevent loss in biodiversity in an attempt to facilitate recovery of endangered 
species. Two recent interfaces recognized in conservation are animal behaviour 
and physiology. Integrating these disciplines can generate meaningful data to 
support conservation management actions (Cooke et al., 2014). Management 
actions include population management through translocation and re-introduction 
(Armstrong and Seddon, 2008). 
 
Translocation and re-introduction of animal species and more specifically of white 
rhinoceroses to other areas in Southern Africa is essential to establish multicentric 
populations in an attempt to save the species from being poached to extinction. In 
South Africa the poaching of mostly white rhinoceroses and some black 
rhinoceroses has increased from 0.03 rhinoceros per day in 2007 to 2.75 
rhinoceros per day by the end of 2013 (Di Minin et al., 2015) and 2.95 rhinoceros 
per day by the end of 2016 (Savetherhino, 2017). 
 
My particular interest was the white rhinoceros population in the Kruger National 
Park (KNP), which is considered one of the primary sources of healthy white 
rhinoceroses for translocation in Southern Africa. The KNP is situated in the 
north-eastern corner of South Africa, bordering Mozambique in the east and 
Zimbabwe in the north (22°19’and 25°32’ latitude and 30°54’ and 32°02’ 
longitude) (Figure 1.1). The KNP covers an area of 1,948,528 hectares and was 
proclaimed as a National Park in 1926. In 1961, the first white rhinoceroses were 
re-introduced from the Umfolozi Game Reserve in Kwa-Zulu Natal to the KNP 
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after being almost extinct in the area. Over a twelve-year period a total of 345 
white rhinoceroses were translocated to the KNP from Umfolozi and by 1993 the 
numbers had increased to 1875 (Pienaar, 1994). The numbers are currently 
estimated in the region of 8968; which is the single largest population 
 
 
Figure 1.1 Location map of the Kruger National Park within Southern Africa. 
 
of free-ranging southern white rhinoceroses Ceratotherium simum in South Africa 
(Ferreira et al., 2015). As Operations Coordinator for KNP Veterinary Wildlife 
Services, I was responsible for the planning and execution of rhinoceros captures 
and translocation operations and also for the supervision of the boma-training 
phase of the rhinoceroses. The large numbers of white rhinoceroses that are 
available for translocation all over Southern Africa from the KNP made the KNP 
the most suitable area to conduct a study of this nature. 
 
The translocation of any animal species, but especially rhinoceroses, can be 
extremely stressful to the animal and this may strongly affect the success or 
outcome of the translocation. Stress should be considered as a predictable factor in 
translocation and should be integrated into planning these operations (Dickens et 
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al., 2010). The biggest factor for rhinoceroses when translocated is the enormous 
change from its natural environment to the destination environment (Turner et al., 
2002). Six confinement-specific stressors are considered to be important in the 
case of the rhinoceros; restricted movement, absence of retreat space, forced 
proximity to humans, routine husbandry, restricted feeding and foraging 
opportunities, and abnormal social groups. These potential stressors all have one 
common denominator; the fact that the captive animal does not have the ability to 
control any of them (Morgan and Tromborg, 2007). The confinement phase of 
translocation however forms a very important part of the adaptation period (boma-
training) for the rhinoceros in which these animals are introduced to cultivated 
fodder such as lucerne Medicago sativa and Eragrostis spp. grass. The 
rhinoceroses seem to habituate to confinement, both behaviourally and 
hormonally, as the intensity of the response to a repeated set of stimuli due to 
confinement gradually declines, as also noted in other species (Cyr and Romero, 
2009). Boma-training is also essential when white rhinoceroses are translocated to 
areas where vegetation is scarce during certain periods of the year, as they do not 
readily take to cultivated fodder if they were not gradually introduced to it. 
 
Rhinoceroses, like other animals, differ in their ability to cope with the changes 
associated with translocation. Certain individuals do not adapt to captive 
conditions, presumably because they experience the consequences of being 
chronically stressed. This situation can be caused by a number of acute stressors 
and may necessitate the rhinoceroses being released back into their natural habitat, 
before serious health-related problems occur. It is therefore important to be able to 
evaluate the levels of stress (over time) in the animals during the 
adaptation/habituation period or even before they go into captivity. 
 
Evaluation of the stress response to the initial capture phase can be made from 
blood samples obtained from the immobilized animals. However, once the 
rhinoceroses are released into the boma there is no longer any opportunity to 
obtain blood samples, thus the application of a non-invasive assessment of the 
stress response was essential to this study. Being able to predict early-on in the 
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period of boma-confinement which animals were likely to adapt and which were 
not, based on some measured physiological variable, was also a primary objective 
of the study.  
 
1.1 Objectives 
 
The objectives of this study can be summarized as follows: 
i) The first major objective was to validate, for white rhinoceroses, a technique to 
measure the adrenocortical activity using a faecal glucocorticoid metabolite 
(FGM) assay that has previously been used in several other species. Included in 
this objective was the determination of gut transit time, through the use of a 
digestive marker, since an elevation of the plasma glucocorticoid hormone 
(cortisol) may precede the appearance of the excreted metabolites by a 
significant time. Further objectives were to quantify the effects of delayed 
sample processing and storage times on the results.   
ii) The second major objective was to use blood samples obtained from white 
rhinoceroses at capture and again at subsequent release into the boma to assess 
the stress of capture, handling, confinement and transport experienced by white 
rhinoceroses.  
iii) The third major objective was to determine, from either the FGM or the blood 
concentration of stress hormones obtained at capture, whether they can be used 
to predict which animals will adapt to confinement and begin to feed and those 
that will not.  
iv) The fourth objective developed during the course of the study was to make use 
of blood samples obtained from boma-habituated white rhinoceroses to 
investigate whether serum amyloid A and haptoglobin could be indicators of 
the stress of capture, handling and transportation in white rhinoceroses.  
 
The methods, results and conclusions to these studies appear in the following 
chapters: 
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Chapter 2 describes the animals used in the study and the procedures they 
underwent regarding their capture and confinement in the bomas. This chapter 
also describes the use of four boma-adapted animals for specialist investigations.   
Chapter 3 describes the use of an ACTH challenge to validate faecal sample 
assessment in white rhinoceroses.  
Chapter 4 describes the Hypothalamic-Pituitary Axis responses to capture and 
boma confinement in white rhinoceroses.  
Chapter 5 describes the investigation of Serum Amyloid A and Haptoglobin as 
indicators of the stress of capture, handling and transportation in white 
rhinoceroses.  
Chapter 6 concludes by summarising the results obtained in this study and 
recommendations are made regarding future research on the evaluation of stress in 
the white rhinoceros. 
 
1.2 Literature review 
 
1.2.1  Stress 
 
In recent times, much research has focused on ways to identify chronically 
stressed wild animals in the light of all the anthropogenic disturbances. The most 
common way to do this is to measure the glucocorticoid levels (Munck et al., 
1984; Sapolsky et al., 2000; Holst, 1998; Romero, 2004; Korte et al., 2005; 
Wingfield and Sapolsky, 2003; Wingfield et al., 1992; Romero, 2002; Mostl and 
Palme, 2002; Touma and Palme, 2005) with the assumption that levels are 
increased in chronically stressed animals. Literature, however, provides very little 
guidance on how wild animals will hormonally respond to stressors that cause 
chronic stress. Most of the available literature lacks empirical data and has to 
resort to theoretical models (Dickens and Romero, 2013).  
 
There are three major stressors to all vertebrates in nature namely, starvation or 
malnutrition, adverse environmental conditions and predation attempts (Romero et 
al., 2009).  The term “stress” was introduced in 1935 by Hans Selye, who defined 
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the term or phenomenon as “nonspecific bodily changes that occur in response to 
harmful stimuli or stressors”. Stress is also defined as the sum of biological 
reactions to intrinsic and extrinsic stimuli that result in a perturbation from 
homeostasis (Chrousos and Gold, 1992). Levine (2005) emphasized that stress 
should be considered as a process that includes the stimulus, the perceptual 
processing of the input and the behavioural and physiological output. Cockrem 
(2013) defined stress as “the state when the hypothalamo-pituitary-adrenal (HPA) 
axis is activated with increased secretion of glucocorticoids in response to a 
stressor”.  
 
The process involved to help the body maintain homeostasis which is controlled 
by the emotional brain is termed allostasis, which means “stability through 
change” (Sterling, 2004; McEwan and Stellar, 1993). Allostasis involves invoking 
mechanisms which change the controlled physiological variable; through 
mediators of allostasis; by predicting what level of these mediators will be needed 
for the anticipated demand. The mediators of allostasis include adrenal hormones, 
neurotransmitters and cytokines (Korte et al., 2007). Romero et al. (2009) propose 
that allostasis is the process of maintaining homeostasis through changes in 
physiological mechanisms in response to changes in energetic demands and 
reactive scope. Koolhaas et al. (2011) defines a stressor as a stimulus from which 
the “response demands” exceed the adaptive capacity of an organism. 
 
Response to stress works through receptors in various organs and tissues to 
produce changes that are adaptive to metabolism, the immune system and the 
cardiovascular system (Korte et al., 2007). Adaptation to physical and 
psychological stress usually involves the release of hypothalamic corticotrophin-
releasing hormone (CRH), followed by anterior pituitary adrenocorticotropic 
hormone (ACTH) and the adrenal glucocorticoids (GCs), namely cortisol and/or 
corticosterone by the HPA axis into systemic circulation (Dallman et al., 1994; 
Haussmann et al., 2007; Romero, 2004) (Figure 1.2). Circulating steroid 
hormones are then metabolized by the liver and excreted via the kidneys into the 
urine or via the bile into the gut. The excretion via the bile route creates a lag time 
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when comparing plasma and faecal cortisol, is species-specific and when taken 
into consideration a similar cortisol pattern is found in the faeces and in the 
plasma. Faecal cortisol is, however, less affected by episodic fluctuations or the 
pulsatility of hormone secretion because it is integrated over a certain time period 
(Touma and Palme, 2005). 
 
Stressors such as anaesthesia, handling, confinement, novel environments, and 
pain lead to elevated blood concentration of GCs in animals. This level of GC 
however typically decreases back to normal levels in time, as a consequence of  
habituation (Turner et al., 2002; Franceschini et al., 2008; de Kloet et al., 2005; 
Hill and Broom, 2009; Romero, 2004). The adaptation occurs through negative 
feedback to the brain by the GCs themselves to turn off the initial steps of the 
HPA. If there is a deficit in the efficiency of the negative feedback, elevated GC 
levels occur for a longer period, resulting in negative effects on the animal, such 
as lack of adaptation and failure to eat (Romero, 2004) (Figure. 1.2). It has been 
proposed that chronic stress and/or lack of adaptation has widespread negative 
effects on numerous physiological systems, including reproduction, growth, 
metabolism, immune function and behaviour, by stimulating endocrine responses 
(Powell et al., 1967a; Breazile, 1987; Morley et al., 1991; Harbuz and Lightman, 
1992; Stratakis and Chrousos, 1995; Wingfield and Sapolsky, 2003; Berga, 2008; 
de Kloet, 2003; Wikgren et al., 2012). Human and laboratory animal studies have 
indicated that chronically elevated levels of the stress hormone cortisol are 
associated with anorexia and depression (Sapolsky et al., 2000; Brambilla, 2001).  
 
During stressful periods the release of GCs can meet the increased metabolic 
demands of the body. The availability of GCs are however regulated, in part, by 
corticosteroid-binding globulins; where any free or unbound GCs can enter cells 
and allow energy mobilization to fuel fight-or-flight responses (Mendel, 1989). 
Stress is therefore not always negative but can have a positive effect by making 
energy available to an animal at critical moments (Goymann et al., 1999; 
Jacobson, 2005). In situations of mild stress or stress of a short duration the 
animal makes use of reserve biological resources which can be replenished within  
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Figure 1.2 The hypothalamic-pituitary-adrenal (HPA) axis. An acute stressor is detected 
by the cortex of the brain, which sends a neuronal signal to the hypothalamus. The 
hypothalamus then sends a hormonal signal (CRH) to the pituitary, resulting in the 
pituitary sending a hormonal signal (Adrenocorticotropin, or ACTH) to the adrenal or 
interrenal gland (depending on the species) to release glucocorticoids (GCs). GCs have 
multiple effects that are mediated by blood-borne carrying proteins (Corticosteroid 
Binding Globulins, CBG) and two different receptors (Type I and II). A negative 
feedback loop shuts off the HPA pathway leading to GC release. If the stressor persists 
and the GCs remain elevated, negative feedback ceases to function and the deleterious 
chronic effects of GCs begin (adapted from Romero, 2004).  
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a short recovery period when homeostasis is re-established (Moberg, 2000). On 
the other hand, high stress levels (chronically elevated plasma GCs) for a 
prolonged period can have detrimental effects on an animal’s wellbeing. This 
includes effects on the animal’s immune function, which may then lead to 
immuno-suppression (Mostl and Palme, 2002; Peristein et al., 1993; Sapolsky et 
al., 2000). Therefore, the longer the animal secretes glucocorticoids, the greater 
the susceptibility to infections (Romero et al., 2009). GCs have primarily 
permissive and stimulatory roles in metabolism and behaviour, and primarily 
suppressive roles in the immune system (Sapolsky et al., 2000; Pruett, 2003).  
 
Animals differ in their ability to cope with stress and the term used to describe 
this difference in ability is “coping style”. Animals cope with changing 
environments by using both behavioural and physiological stress responses 
(Budzyńska, 2014). An animal’s coping style is shaped evolutionarily as 
adaptations to aversive situations; it is also a behavioural reaction and has a 
reducing effect on stress. If aversive conditions which an animal is confronted 
with are entirely different to those found in its natural environment it may not 
have the adaptive behavioural response to cope with the situation, this may then 
lead to negative outcomes (Wechsler, 1995).   
 
The physiological response to a stressor may be identified or characterized by 
monitoring the appearance of the hormonal mediators, GCs and catecholamines in 
the blood. The increased GCs appear within several minutes with the duration of 
elevated GCs depending on the nature and duration of the stressor (Armario, 
2006; Cockrem, 2013). Research on lab rats showed that a single exposure to 
stress caused an increase in the plasma levels of HPA hormones and caused long-
term desensitization of the response of the HPA axis (Belda et al., 2004; Belda et 
al., 2008). Further research showed that when the same stressor is applied to 
animals for a prolonged period of time the stress response slowly diminishes 
leading to habituation (Dhabhar and McEwen, 1997). A bidirectional interaction 
furthermore exists between hormones and behaviour, where hormones can affect 
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behavioural response and behaviour can influence hormone levels (Budzyńska, 
2014).  
 
Under conditions of confinement, non-invasive assessment of the stress hormone 
levels through the faeces is a viable alternative to determining the stress hormone 
levels through blood (Bayazit, 2009). This alternative is considered appropriate 
since repeated capture, restraint and blood sampling would be impractical as these 
interventions themselves elicit a stress response and increase the risk of mortality 
(Romero, 2004; Sapolsky, 1982; Touma and Palme, 2005; Wingfield et al., 1992). 
Circulating GCs are metabolized in the liver and excreted in the urine (via the 
kidneys) and faeces (via the bile) into the small intestine. Significant correlations 
have in the past been demonstrated between serum glucocorticoids levels and 
faecal glucocorticoid levels (Palme and Möstl, 1997; Touma and Palme, 2005; 
Wasser et al., 1997; Whitten, 1997). 
 
Measurement of FGM is a technique already widely used to assess stress in 
wildlife (Keay et al., 2006; Millspaugh and Washburn, 2004; Schwarzenberger, 
2007; Touma and Palme, 2005; Von der Ohe and Servheen, 2002). Previous 
species-specific studies include work on roe deer (Dehnhard et al., 2001), spotted 
hyena (Goymann et al., 1999), red deer (Huber et al., 2003), Steller sea lion (Hunt 
et al., 2004), grizzly bear and African elephant (Hunt and Wasser, 2003), felid 
species (Graham and Brown, 1997), northern spotted owl (Wasser et al., 1997), 
African elephant (Foley et al., 2001; Millspaugh et al., 2007; Stead et al., 2000; 
Viljoen et al., 2008), wolves and elk (Creel et al., 2002), tufted capuchin monkeys 
(Lynch et al., 2002), tammar wallaby (McKenzie and Deane, 2005), big horn 
sheep (Miller et al., 1991), Grevy’s zebra (Franceschini et al., 2008), white tailed 
deer (Millspaugh et al., 2002; Washburn and Millspaugh, 2002), wild dog 
(Monfort et al., 1998), Chacma baboons (Weingrill et al., 2004) and other 
carnivores (Young et al., 2004).   
 
Research on measurement of glucocorticoid levels has also been conducted on 
several rhinoceros species and started as early as 1990 (Kock et al., 1990). One of 
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the first ground-breaking studies on black and white rhinoceroses was done by 
Brown et al. (2001) followed by Turner et al. (2002) and Carlstead and Brown 
(2005) also on black and white rhinoceroses.  More recent research was done by 
Linklater et al. (2010) on black and white rhinoceroses, Metrione and Harder 
(2011) on white rhinoceroses, Santymire et al. (2012) on black rhinoceroses and 
Capiro et al. (2014) on Indian rhinoceroses. 
 
Kock et al. (1990) measured some biological parameters including cortisol 
concentrations when they translocated black rhinoceroses. Their results showed a 
significant difference in cortisol concentrations in three blood samples collected 
respectively at capture, transportation to a holding facility and after a period of 
confinement, where the second sample showed the highest concentration 
depicting the stress associated with the capture.  
 
Brown et al. (2001), in their study on zoo animals, showed that there was no 
difference in faecal cortisol concentrations between male and female rhinoceroses 
and that the means were significantly higher (P < 0.05) in black than in white 
rhinoceroses; 41.8 + 3.1ng.g-1 and 31.2 + 1.7ng.g-1 respectively. 
 
Research done by Turner et al. (2002) showed that in captivity-adapted white 
rhinoceroses faecal cortisol concentrations ranged from 2.0 to 7.3ng.g-1 dry faeces 
and corticosterone from 4.0 to 10.8 ng.g-1 dry faeces. The research also showed 
higher levels of faecal cortisol and corticosterone associated with the combined 
effects of restraint and translocation; 6.9-to 10-fold and 3.2-to 4.5-fold 
respectively in both black and white rhinoceroses. Furthermore, their research 
showed that there is a significant decrease in both faecal cortisol and 
corticosterone after release following translocation in black rhinoceroses. The 
FGM concentrations in this study were lower than that of the study by Brown et 
al. (2002). Although zoo animals were used in both studies, different methods and 
assays used account for the different results in the studies.  
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Carlstead and Brown (2005) found that corticoid variability appears to be an 
indicator of chronic stress caused by social stressors in captive black and white 
rhinoceroses. Linklater et al. (2010) also showed elevated corticoid levels of two 
to five fold after 17 days in confinement after capture, with a decline with longer 
time in captivity in both black and white rhinoceroses. Metrione and Harder 
(2011) measured concentrations of metabolized corticosterone in female white 
rhinoceroses and reported that there was no difference in concentrations between 
dominant and subordinate sub-adult females. The way females were kept in 
captivity however showed differences in GC levels in different age groups of 
females whether they were housed individually or with an unknown companion or 
with a known companion; the latter tended to be associated with a lower mean 
corticosterone concentration. Furthermore, wild-captured females had a higher 
average corticosterone concentration than captive-born females. Santymire et al. 
(2012) used ACTH challenges to validate a corticosterone enzyme immunoassay 
(EIA) to assess adrenocortical activity in African wildlife species including black 
rhinoceroses. Their work showed there is a surge in FGM 75 hours after the 
ACTH injection. 
 
Capiro et al. (2014) performed an ACTH challenge on an adult male Indian 
rhinoceros which resulted in a 38-fold and 3.5-fold increase in urinary 
glucocorticoid metabolites and FGM respectively. Their work on the same species 
also showed that the mean and peak FGM concentrations differed among 
individual females, but that all had elevated concentrations after translocation that 
lasted up to nine weeks.  
 
These non-invasive studies not only concluded that FGM can be used successfully 
to determine adrenal activity in wildlife, more specifically rhinoceroses, but also, 
refined sample preservation methods, extractions, assays and validation 
procedures. The faecal levels of GC metabolites also indicate a cumulative 
response over time, rather than the instantaneous response indicated by the blood 
hormone concentration. The use of FGM to detect stress in animals is, however, 
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time consuming and results are only obtained days after sampling but it is 
definitely of value when monitoring animals in confinement.  
 
1.2.2  Acute Phase Response 
 
Acute phase response (APR) proteins were also investigated as an alternative to 
FGM to quantify the stress of capture and handling in white rhinoceroses. Studies 
on humans, rodents and domestic animals have highlighted the role of pro-
inflammatory cytokines in response to psychological stress (Hale et al., 2003; 
Kang and Fox, 2001; Nukina et al., 2001). These cytokines are secreted by 
activated macrophages and modulate protein synthesis by the hepatocytes. These 
proteins are acute phase proteins (APP) and are secreted in response to a stressor 
in the so-called APR to re-establish homeostasis and promote healing as part of 
the innate immune response (Carroll and Forsberg, 2007). APP can be grouped in 
positive APP, which increase in response to the APR, and negative APP, which 
decrease in response to the APR. Positive APP can further be classified as major, 
moderate and minor APP according to the magnitude of their increase in the APR 
(Cray, 2012). Positive APP have multiple functions which include modulation of 
the immune system, protein transport and tissue protection from damage by the 
inflammatory process (Cray et al., 2009). Serum concentrations of APP return to 
basal when the triggering factor is removed (Petersen et al., 2004). Currently APP 
concentrations are used in veterinary medicine to assist in prognosis of diseases in 
companion and domesticated animals (Cray et al., 2009), furthermore they are 
also used as biomarkers of stress and indicators of stress (Cray, 2012).  
 
Stress is known to raise plasma cortisol concentrations in several species (Nagata 
et al., 1999; Saeb et al., 2010; Schmidt et al., 2010), resulting in stimulation of the 
APR which cause an increase in tumour necrosis factor (TNF)-α and Hp in cattle 
(Cooke et al., 2012) and Hp and SAA in horses (Casella et al., 2012). 
Measurement of APP is considered to be a rapid diagnosis to evaluate an animal’s 
welfare under stressful conditions (Gómez-Laguna et al., 2011). In this study, we 
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investigated the effects of stress associated with capture and confinement on the 
plasma concentrations of SAA and Hp in white rhinoceroses.  
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CHAPTER 2 
 
Methods 
 
At the core of this study are (i) experiments conducted on white rhinoceroses that 
had been confined to boma conditions for up to 120 days, and (ii) the collection of 
blood and faecal samples from white rhinoceroses that were captured in the wild 
and then confined to the bomas for an adaptation period. This chapter consolidates 
the procedures applied to each group of rhinoceroses to avoid unnecessary 
repetition of these details in the following chapters. 
 
2.1 Boma-adapted animals 
 
Four white rhinoceroses previously captured in the wild (Table 2.1) were used in a 
cross-over protocol to investigate blood and FGM concentrations in response to 
an ACTH challenge. The animals had been held separately in individual bomas in 
Skukuza for at least four months prior to the trial, were eating and defecating 
normally and were considered to be healthy based on behaviour, body condition, 
clinical examination and normal hematology.  
 
Table 2.1 Information of white rhinoceroses used in ACTH challenge.  
Animal Sex Age (year) Weight (kg) 
A Male 20 2060 
B Male 8 1800 
C Female 6 1350 
D Female 6 1300 
 
To conduct the ACTH challenge trial, the white rhinoceroses were immobilized 
between 7:00 and 10:00 in the morning with a drug combination consisting of 
etorphine hydrochloride (3-4 mg) (M99®, Novartis, P.O. box 92, Isando, 
Johannesburg, 1600, South Africa) and azaperone (40 mg) (Stresnil, Janssen 
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Pharmaceuticals Ltd., Halfway House, 1685, South Africa). This dose was 
delivered remotely into the nuchal hump (musculus rhomboideus cervices) using a 
3.0 ml plastic dart with a 60 mm un-collared needle propelled by a compressed air 
rifle (DAN-INJECT International S.A., Private Bag X402, Skukuza, 1350, South 
Africa). 
 
Once the rhinoceros was recumbent, an intravenous catheter was inserted into an 
auricular vein to allow for blood sample collection in evacuated tubes. 
Butorphanol (Kyron Laboratories, P.O. Box 27329, Benrose, 2011, South Africa) 
at a dose of 30-40 mg was administered intravenously (IV) immediately after the 
animal became recumbent, to improve cardiovascular and respiratory function 
under immobilization. Once the animal was stabilized after darting the first blood 
sample was collected and was designated as time zero (T0). Further samples were 
collected at five minute intervals up to 100 minutes. An ACTH analogue 
(Synacthen®, Novartis Pharma AG, CH-4002, Basel, Switzerland) or an 
equivalent volume of saline was administered to each immobilized rhinoceros ten 
minutes after collection of the baseline blood sample. The ACTH was 
administered intra-muscularly (IM) at the recommended dose of 1.25-1.5 IU/kg 
(Wasser et al., 2000). Blood samples were kept in ice water until sampling was 
completed. Serum and plasma were harvested by centrifugation and aliquots were 
kept at -80°C until the assays were performed. Fourteen days later the procedure 
was repeated, so that each animal had received either the Synacthen® or saline on 
each occasion. 
  
After completion of all the procedures, the immobilization was reversed with 80-
100 mg naltrexone (Naltrexone, Kyron Laboratories, P.O. Box 27329, Benrose, 
2011, South Africa) (Miller et al., 2013).  
 
2.2  Capture, transport and confinement trial 
 
This study was conducted in the Kruger National Park (KNP), South Africa, on a 
wild population of white rhinoceroses which was authorized for translocation 
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within South Africa during 2008 to 2012. For this study 124 white rhinoceroses 
were immobilized from a helicopter using a drug combination consisting of 2-4 
mg etorphine hydrochloride (M99®, Novartis, Kempton Park, South Africa) with 
20-40 mg azaperone (Stresnil®, Jansen Pharmaceuticals Ltd, Halfway House, 
South Africa) and 5,000 IU hyaluronidase (Hyalase, Kyron Laboratories, Benrose, 
South Africa); this dose was also dependent on the size of the rhinoceros. The 
dose was delivered into the gluteal muscle using a 3.0 ml plastic DAN-INJECT 
dart with a 60 mm un-collared needle propelled by a compressed air rifle (DAN-
INJECT, International S.A., Skukuza, South Africa).  
 
Butorphanol (Kyron Laboratories, Benrose, South Africa) was administered 
intravenously immediately after the rhinoceroses became recumbent at a dose of 
40-80 mg, depending on the amount of etorphine used, to improve respiratory and 
cardiovascular variables (Miller et al., 2013). Blood samples were then collected 
from the auricular vein. Once all further data were collected an electric cattle 
prodder was used to stimulate the blindfolded rhinoceros to stand up and be 
guided into a transport crate. In the crate the rhinoceros received a partial antidote 
of diprenorphine (M5050®, Novartis, Kempton Park, South Africa) intravenously 
at three times the amount of etorphine used in the dart as well as 50-100 mg 
zuclopenthixol acetate (Acuphase®, H. Lundbeck A/S, Ottiliavej 9, DK – 2500, 
Valby, Denmark) for extended tranquilization. The crate was then loaded onto a 
vehicle and transported to the boma complex in Skukuza (transport time 
approximately 60 minutes). A further blood sample was then obtained before the 
rhinoceros received 80-100 mg naltrexone (Naltrexone, Kyron Laboratories, P.O. 
Box 27329, Benrose, 2011, South Africa) to reverse the effects of the etorphine. It 
also received an additional 40-80 mg azaperone for tranquilization. The 
rhinoceros was then released into the introduction boma (see Figure 2.1). A 
further blood sample was collected from each animal before it was loaded for 
either release due to failure to adapt (10-12 days later) or translocation following 
successful adaptation (120-180 days later). Failure of animals to adapt was 
subjectively determined when the animals did not eat or defecate within 10 to 12 
days after capture, as these animals may have become physiologically 
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compromised. Blood samples were kept in ice water and transported to the 
laboratory for processing. Serum and plasma were harvested by centrifugation and 
aliquots were kept at -80°C until the assays were performed.  
 
All procedures were approved by the Animal Ethics Screening Committee of the 
University of the Witwatersrand (AESC no. 2008/22/05) and the Animal Use 
Committee of the South African National Parks. 
 
 
Figure 2.1 Boma layout on a scale of 1:200. Arrows indicate direction of movement of 
rhinoceroses during period of confinement.  
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CHAPTER 3 
 
The adrenocortical response of wild white rhinoceroses to capture and 
confinement; use of an ACTH challenge to validate faecal sample assessment  
 
To evaluate the stress associated with the capture and boma-habituation of free- 
ranging white rhinoceroses Ceratotherium simum from the Kruger National Park 
(KNP) (South Africa), we determined whether non-invasive assessment of faecal 
stress hormone metabolites (Wasser et al., 2000) is a reliable tool. 
 
Non-invasive measures such as FGM measurements are a useful alternative for 
monitoring stress levels as the animals do not have to be captured for sampling 
(Romano et al., 2010). FGM concentrations also fluctuate less over time in 
response to circadian rhythms and pulsatile secretions of cortisol (Keay et al., 
2006). In evaluating FGM concentrations it is important to account for the lag 
time between the secretion of cortisol due to a stressful event and the appearance 
of FGM (Palme, 2005).  
 
The aim of the study was to stimulate adrenocortical activity, to raise the 
concentration of circulating cortisol and then measure the resulting concentration 
of FGM. In addition, the reliability of this method was established by evaluating 
faecal samples for the effects of environmental decay, extraction efficiency and 
intra-sample variation.  
 
The capture, boma-habituation and translocation of free-ranging white 
rhinoceroses from the KNP has become an essential tool to establish new breeding 
groups and to reduce the impact of poaching (Ferreira et al., 2012). Translocation 
will also ensure that multicentric populations are established for the long-term 
survival of the species (Dickens et al., 2010). The capture of rhinoceroses in the 
field presents an initial acute stress, which may be followed by chronic stress after 
being placed into holding facilities (bomas) (Dickens et al., 2010; Cyr and 
Romero, 2009). The housing of animals in bomas for weeks to months at a time is 
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an essential part of the acclimatization and habituation process that is necessary 
before translocation. 
 
During this period of boma-confinement the rhinoceroses are introduced to 
alternative food sources and presumably become desensitized to the stressors 
associated with captivity. Rhinoceroses differ from each other individually in their 
ability to cope with the stressors, both acute and chronic, which may result in lack 
of adaptation to captive conditions (personal observation). Individual animals may 
become chronically stressed as a result of numerous acute stressors, such as 
nutritional stress, physiological stress and psychological stress (Dickens et al., 
2010).  Chronically stressed rhinoceroses may become physiologically 
compromised, at which time they may need to be released back into their natural 
habitat before serious health-related problems occur. Examples of possible health 
concerns may include immunosuppression and increased susceptibility to 
secondary infections (Carlstead and Brown, 2005; Kock et al., 1999; Moberg, 
2000; Mostl and Palme, 2002; Pride, 2005; Roth and Vance, 2007; Vance et al., 
2004). It is therefore important to be able to evaluate the levels of stress over time 
in the animals during the adaptation period.  
  
A change in plasma glucocorticoid concentration (GC) is reported to be an 
effective index of a stress response to adverse stimuli. In stressed animals the 
hypothalamic-pituitary-adrenocortical axis (HPA axis) is activated resulting in the 
release of cortisol mediated by adrenocorticotropic hormone (ACTH) (Goymann 
et al., 1999; Touma and Palme, 2005). Studies in the laboratory rat have shown 
that adaptation to stress is associated with a return of plasma GC to basal 
concentrations because of negative feedback (Windle et al., 1998). In chronically 
stressed animals the negative feedback is however disrupted and these animals 
experience prolonged elevated GC concentrations (Dallman et al., 1992). A study 
on both black and white rhinoceroses showed that the capture and translocation 
processes caused elevated levels of cortisol in serum, urine, and faeces and that 
these levels are several-fold higher than those in animals that have adapted to a 
new environment six weeks after translocation (Turner et al., 2002).  
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The immobilization of animals for blood collection can result in a stress response 
with increases in plasma cortisol concentrations (Romero, 2004; Sapolsky, 1982; 
Touma and Palme, 2005; Wingfield et al., 1992). Because immobilization for 
blood sampling may elevate plasma cortisol concentrations, non-invasive 
measures such as FGM measurements offer a useful alternative for determining 
stress levels as the animals do not have to be captured for sampling (Romano et 
al., 2010). Also, FGM concentrations fluctuate less over time in response to 
circadian rhythms and pulsatile secretions of cortisol (Keay et al., 2006). In 
evaluating FGM concentrations it is important to account for the delay time 
between the secretion of cortisol due to a stressful event and the appearance of 
FGM (Palme, 2005). The gastrointestinal transit times in different species and 
their unique physiology lead to variations in this interval (Keay et al., 2006). Once 
the delay in timing is understood, the relationship of FGM and plasma cortisol can 
be elucidated (Touma and Palme, 2005).  
 
3.1 Materials and methods 
 
3.1.1 Animal subjects 
 
Four white rhinoceroses captured in the wild (see Chapter 2) were used in a cross-
over protocol to investigate blood cortisol and FGM concentrations in response to 
an ACTH challenge.  
 
3.1.2 Sample collection and ACTH challenge 
 
Once the rhinoceros was recumbent after immobilization, an intravenous catheter 
was inserted into an auricular vein to allow for blood sample collection in 
evacuated tubes. Once the animals were stabilized the first blood sample was 
collected and was designated as time zero (T0). Further samples were collected at 
five-minute intervals up to 100 minutes. ACTH or saline control was administered 
to each immobilized rhinoceros ten minutes after collection of the baseline blood 
sample (T0). The saline or the ACTH analogue (Synacthen®, Novartis Pharma 
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AG, CH-4002, Basel, Switzerland) was administered intra-muscularly at the 
recommended dose of 1.25 - 1.5IU.kg-1 (Wasser et al., 2000). Administration of 
the saline control and the Synacthen® was randomized in a cross-over protocol 
with two weeks between each trial. 
 
To confirm that an increase in the plasma cortisol concentration produced a 
detectable change in the levels of FGM, faecal samples were collected daily for 
analysis. A fresh faecal sample was collected in the morning from the enclosure of 
each animal for seven consecutive days prior to each trial. An additional fresh 
faecal sample was also collected from the rectum of each animal at the time of 
immobilization (baseline). Following each trial, a faecal sample was then 
collected immediately from each episode of defecation, both day and night, for a 
further seven days. All faecal samples were mixed well and approximately 100g 
of each was frozen at -20°C until the FGM extractions were performed.   
 
To establish at what time an induced increase in plasma cortisol concentration is 
reflected in the FGM levels in the faeces, the gastrointestinal transit time was 
determined (Palme, 2005). This transit time was estimated with the use of an inert 
marker introduced into the stomach of each rhinoceros at each trial. The inert 
marker was 20ml non-toxic glitter that was suspended in 40ml of corn syrup 
(Brown et al., 2001; Kruger et al., 2011). The marker was administered using a 
gastric tube, just prior to reversing the immobilization with 80-100mg naltrexone 
(Naltrexone, Kyron Laboratories, P.O. box 27329, Benrose, 2011, South Africa). 
An aliquot of each faecal sample that was collected for the following seven days 
was thoroughly inspected for the presence of glitter. The sample was examined for 
the presence of glitter under a dissecting microscope. Gastrointestinal transit time 
was confirmed from the first sample in which the highest number of glitter 
particles was detected (Steuer et al., 2010). The remaining portion was stored for 
the FGM analyses.   
 
To confirm that a detectable increase in FGM could be detected in wild-captured 
animals fresh faecal samples were collected from the rectum of five rhinoceroses 
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immobilized in the wild (see Chapter 2 for details). The FGM levels of these 
samples were then compared to a fresh sample obtained from the enclosure of 
each animal after 5-6 days of subsequent boma-confinement. 
 
3.1.3 Plasma cortisol 
 
Plasma cortisol was measured using a commercially available 125I RIA kit (Coat-
a-Count®, Siemens Healthcare Diagnostics, Los Angeles, Santa Ana, CA 90045, 
USA).  
 
3.1.4 FGM estimation and assay validation 
 
Extraction of FGM from faecal samples: In preparation for the FGM extraction, 
each faecal sample was thawed at room temperature and mixed thoroughly. A 
sample of 2.5g (± 0.001g) was taken from the mixture. This sample was placed in 
a 50ml conical tube with 10ml 80% methanol (Palme et al., 2013), rotated at room 
temperature on a vertical plane for 16 hours and then centrifuged at 1,000 x g for 
10 minutes. The supernatant was then withdrawn and stored at -70°C. The 
extraction technique was modified from previous reports (Brown et al., 2001; 
Touma and Palme, 2005; Wasser et al., 2000) as rhinoceros faeces have very 
coarse material with large stick-like particles. Instead of trying to remove this 
coarse particulate matter and then pulverizing the sample, a larger faecal sample 
was taken and simply mixed with methanol for 16 hours. Our preliminary research 
demonstrated that the 2.5g of faeces, instead of 0.5-1.0g of faeces, improved the 
coefficient of variation (CV%) of repeated extractions from 12% to 7%.  To 
establish the dry weight of each faecal sample, an identical 2.5g of the sample was 
placed in a foil cup and dried in an oven at 60˚C for 48 hours. The dry matter 
weight of the faeces was then recorded.   
 
Assay of FGM in faecal extracts: The measurement of FGM was performed with a 
125I Corticosterone RIA kit (MP Biomedicals LLC, Santa Ana, CA 92707, USA) 
that has been validated for several species including South African herbivores 
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(Brown et al., 2001; Carlstead and Brown, 2005; Chinnadurai et al., 2009; Wasser 
et al., 2000). The methanol extracts were diluted 2:1 with the manufacturer’s 
steroid diluent (Cat. No. 07-166196) and assayed according to instructions. 
Except for one important consideration, which was a critical detail noted by my 
supervisor Dr. Pitts. The six corticosterone calibrators in the kit (0-1000ng.ml-1) 
are pre-diluted to account for the 1:200 dilution prescribed for rat plasma 
corticosterone measurement. This means that the actual concentration of each 
calibrator is 200 times lower than stated, so our calibration range extended from 0 
to 5ng.ml-1.  The FGM concentrations determined were then corrected for dilution 
ratios and water content of the faeces and the results expressed as ng.g-1 dry 
faeces. Serial dilutions of selected samples gave slopes of r2 > 0.98 which 
remained parallel to the standard curve.  
 
Environmental exposure: To investigate the effect of environmental exposure on 
the FGM content of the sample, fresh rectal faecal samples were obtained using 
pooled collected faeces from five different immobilized rhinoceroses of different 
ages and sexes. The samples were mixed well together and one aliquot was 
immediately frozen at -20°C until further analysis. The remainder of the sample 
was left on the ground and exposed to direct sunlight for a further four hours. 
Representative samples were then obtained from the center of the bolus at times 
60, 120, 180 and 240 minutes of environmental exposure. These samples were 
then also frozen at -20°C until further analysis. 
 
Sample storage: To investigate the effect of duration of freezer storage on the 
FGM levels, fresh faecal samples were obtained from five rhinoceroses 
immobilized in the boma. Each sample was mixed well and one aliquot of each 
sample was immediately processed for extraction of the FGM. A further aliquot 
was kept in a refrigerator at 4°C for 24 hours before being extracted. The 
remainder of the sample was divided into aliquots and immediately frozen at -
20°C until further analysis. These aliquots were then extracted after one day, three 
days, one week, one month and nine months of storage. 
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Faecal cortisol: The presence of any cortisol immune-reactivity in the faecal 
extracts was also assessed using a 125I RIA cortisol kit (Coat-a-Count®, Siemens 
Healthcare Diagnostics, Los Angeles, CA 90045, USA) (Brown et al., 2001).  
 
Accuracy of the FGM measurement: Possible sources of variation in this 
methodology include the within and between assay variation in the FGM 
concentration (ng.ml-1) measured in the supernatants, and the efficiency and 
repeatability of the extraction of the FGM from the faecal samples (ng.g-1 dry 
faeces). To investigate the within assay variation, the FGM concentration in a 
methanolic extract from a single faecal sample was measured seven times in the 
same assay. Also, to investigate the between assay variation, the FGM 
concentration (ng.ml-1) in a methanolic extract from a single faecal sample was 
measured in duplicate in five different assays. To investigate the repeatability of 
the extraction method, the FGM concentration (ng.g-1 dry faeces) was determined 
from six aliquots of the same faecal sample in the same assay. To investigate the 
efficiency of the extraction method aliquots of the same faecal sample were 
spiked with a known quantity of corticosterone (Sigma cat. C2505; USA) before 
the addition of the methanol. Percentage recovery was calculated from the 
observed and expected FGM concentrations. 
 
3.1.5 Data analysis 
 
All data are represented as mean ± s.d. where applicable. Data were statistically 
analyzed using the GraphPad Prizm 5.03 software program (www.graphpad.com). 
Responses over time were subjected to repeated measures ANOVA at p < 0.05 
with Bonferroni’s correction. To evaluate the plasma cortisol response to 
Synacthen®, the area under the curve (AUC) was calculated using the GraphPad 
software. A paired t-test at p < 0.05 was used to compare (i) gastrointestinal 
transit time in the saline and ACTH administrations, and (ii) FGM levels at 
capture and after boma confinement.  
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3.2 Results 
 
3.2.1  Plasma cortisol 
 
Figure 3.1 (left panel) shows plasma cortisol concentration over time in the four 
boma-habituated rhinoceroses (A, B, C and D) in response to administration of 
Synacthen® or saline. Administration of Synacthen® induced a significant increase 
(4- to 8-fold) of the plasma cortisol with a statistically significant increase in the 
area under the curve (AUC) of cortisol over time (8026 ± 1421nmol.min.ml-1 vs 
1115 ± 881nmol.min.ml-1; p=0.0037). The plasma cortisol levels tended to 
decrease under the influence of the immobilization when only saline was 
administered. The increase in plasma cortisol seen in animal B, 20 minutes after 
Synacthen® administration, arose when the animal stood up unexpectedly. The 
animal was still blindfolded and remained standing docilely for the remainder of 
the blood collection period, which was stopped at 70 minutes.  
 
3.2.2 Faecal glucocorticoid metabolites 
 
 Figure 3.1 (right panel) shows FGM concentration over time in the four boma-
habituated animals (A, B, C and D) in response to administration of Synacthen® 
or saline. There was no significant difference in the initial value of FGM 
concentration in the first samples taken directly from the rectum of each animal at 
the start of each intervention, despite each trial commencing at least seven days 
apart. All of the animals exhibited an increase in the FGM concentration for the 
first faecal sample obtained from the enclosure after saline administration. In the 
control trial, the immobilization of the animals followed by saline administration 
produced an average FGM concentration of 8.9 ± 2.1ng.g-1 over the faecal 
collection period.  
Pharmacologically elevating the plasma cortisol concentration resulted in at least 
a 3-fold increase in FGM, between 60 and 90 hours later, compared to the 
baseline value. An average FGM concentration of 14.8 ± 0.7ng.g-1 was recorded 
over this faecal collection period, which was significantly different from when the 
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saline was injected (p = 0.0043). The maximum FGM concentration for each 
animal following Synacthen® administration was significantly greater than the 
maximum values recorded following the saline administration (23.0 ± 1.2ng.g-1 vs 
11.7 ± 2.8ng.g-1; p = 0.0011). It was noted for animal A and C that the fluctuation 
observed in the FGM concentration after saline administration was associated 
with the introduction of new rhinoceroses into adjacent bomas. No cortisol 
immune-reactivity was detected in the faecal extracts using the 125I cortisol RIA 
kit. 
 
After the administration of saline, the peak passage of the inert marker occurred in 
the animals at mean time of 54.1 ± 9.3 hours. After the administration of 
Synacthen®, the peak passage of the inert marker occurred in the animals at mean 
time of 76.3 ± 15.8 hours. The increase in gastrointestinal transit time induced by 
Synacthen® was not quite significantly different (p = 0.0625).  
 
Rectal faecal samples obtained from five rhinoceroses captured in the wild had a 
mean FGM of 4.9 ± 0.8ng.g-1. Fresh faecal samples from these animals obtained 
from within the boma after the first 5-6 days of captivity had a mean FGM of 11.2 
± 2.1ng.g-1. This significant (p=0.0005) elevation in FGM was similar to that 
observed after Synacthen® administration in the four boma-habituated animals.  
 
Figure 3.2a shows the effect of environmental exposure on the FGM 
concentration from homogenous samples collected at different time points. When 
the sample is obtained from the center of each faecal bolus, a delay of up to 240 
minutes in obtaining the sample has no significant effect on the FGM 
concentration obtained (ANOVA; p=0.8300)   
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Figure 3.1 Plasma cortisol concentrations (nmol.ml-1) and subsequent faecal 
glucocorticoid metabolites (FGM; ng.g-1 dry faeces) for four boma-habituated white 
rhinoceroses (A, B, C, D) following an ACTH challenge (•) (1.25-1.5 IU.kg-1 Synacthen® 
i.m.) or saline (o) trial. The arrows (  ) designate the gut transit time for each animal and 
both trials. 
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Figure 3.2 Effects of environmental exposure and long-term storage on faecal 
glucocorticoid metabolite concentrations of white rhinoceros faeces. (a) Environmental 
exposure (0 to 240 minutes) before collection and freezing, and (b) long-term storage at -
20ºC (0 to 9 months) before extraction. 
* P< 0.05 different from fresh sample 
 
Figure 3.2b shows the effect of faecal sample storage on the FGM concentration.  
Storage of the samples at 4°C for 24 hours resulted in the average loss of 41% of 
the corticoid immune-reactivity in each sample (p<0.05).  When samples were 
immediately frozen at <-20°C there was no significant change in corticoid 
immune-reactivity extracted from each sample for up to nine months, compared to 
the immediate extraction of a fresh sample. 
 
Table 3.1 gives the data for the within and between assay variation when the RIA 
assay was used to determine the FGM concentration in the methanol extract. The 
assay kit produced an acceptable coefficient of variation for a biological assay 
(4.2%) and this level was maintained between five kits ordered over a two-year 
period (5.1%). Table 3.2 data shows that the 16-hour rotation of a faecal sample in 
80% methanol produced a consistent extraction, while the percent recovery was 
high and consistent at low (91.7%) and high (89.9%) levels of the spike.       
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Table 3.1 Within and between assay variation for analysis of the FGM concentration 
(ng.ml-1) in repeated measurements of a single methanol supernatant.  
Number of 
assessments 
Mean FGM ± SD 
(ng.ml-1) 
Within 
(%CV) 
Between 
(%CV) 
7 0.962 ± 0.040 4.2 ---- 
5 0.925 ± 0.047 ---- 5.1 
 
 
Table 3.2 Repeatability and efficiency of the extraction of the FGM from the faecal 
samples (ng.g-1 dry faeces). A single faecal sample was extracted six times, then six 
aliquots of the same sample were spiked with different amounts of corticosterone before 
being extracted. 
Sample 
number 
Corticosterone 
added to faeces 
(ng) 
Observed 
FGM 
(ng.g-1 dry 
faeces) 
%CV 
Expected 
FGM 
(ng.g-1 dry 
faeces) 
% 
recovery 
6 0 11.3 ± 0.61 5.4 ---- ------ 
6 5 13.0 ± 0.64 4.9 14.4 91.7 
6 20 21.3 ± 0.98 4.6 23.7 89.9 
 
 
3.3 Discussion 
 
Our data showed that stimulation of the HPA axis through a single intra-muscular 
injection of Synacthen®, a synthetic analogue of ACTH, produced a significant 
increase in the plasma cortisol concentration for all the white rhinoceroses 
compared to a control saline injection. This cortisol increase subsequently induced 
a significant increase in the FGM concentration of the rhinoceroses. The data from 
the five animals captured in the wild and then confined in the boma confirms that 
this physiological/psychological stressor was sufficient to produce a detectable 
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increase in the FGM concentration, relative to the faecal sample obtained at 
capture. 
 
The plasma cortisol concentration that was achieved in white rhinoceroses with 
this dose of Synacthen® resembles the response to acute stress caused by the 
capture and immobilization processes (Kock et al., 1990). The average plasma 
cortisol concentration obtained in this study was also representative of the plasma 
cortisol concentrations we have measured in rhinoceroses after capture, 
confinement and translocation (see Chapter 4). Faecal cortisol could not be 
detected with the Coat-a-Count RIA kit, a finding that has been confirmed by 
other investigators (Brown et al., 2001) but faecal cortisol is evidently detectable 
using HPLC (Turner et al., 2002). Due to the small sample size of our study no 
comparisons could be drawn between animals of different ages and sexes. 
 
The FGM concentrations of the faecal sample obtained at the start of each 
intervention are similar to faecal corticosterone concentrations measured by 
HPLC in four captivity-habituated white rhinoceroses (range 4.0-10.8 ng.g-1 over 
21 days) (Turner et al., 2002). The maximum increases in FGM concentration 
measured by this RIA method after Synacthen® administration are also 
comparable to the 3-to 4-fold increase in faecal corticosterone concentration 
obtained from rhinoceroses following capture, confinement and translocation 
(Turner et al., 2002). This significant adrenal response to the ACTH challenge is 
evidence that boma-confinement for 90 days is not associated with adrenal gland 
fatigue. Declining FGM concentrations with time in captivity are normally taken 
to indicate adaptation to the stressors of confinement (Turner et al., 2002). 
However, the association of reduced FGM concentrations over time together with 
reduced faecal androgen or progestin levels has been linked to distress with 
adrenal malfunction in rhinoceroses (Linklater et al., 2010). Our FGM data 
following an ACTH challenge clearly show that this cannot be the reason. Chronic 
social stress could also not be linked to reduced reproduction in another 
rhinoceros study (Metrione and Harder, 2011). The only association of lower than 
normal FGM concentrations with a biological cost has been that of compromised 
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immune function in the black rhinoceros (Dorsey et al., 2010) and further 
investigation is warranted.   
Baseline FGM concentrations in our study are significantly lower than those 
found in white rhinoceroses confined in zoos (Brown et al., 2001; Carlstead and 
Brown, 2005). Even though the same corticosterone RIA kit was used differences 
in the faecal extraction method and perhaps diet may account for this observation.  
I believe that our study has adequately quantified the performance of the assay in 
terms of its suitability, consistency and precision, which was not available for 
most other studies. One possible consideration is that other investigators may have 
failed to take cognisance that the concentration of the corticosterone standards in 
the kit have been adjusted to take account of a dilution step (see Methods above). 
However, some preliminary data from rhinoceroses that have been boma-confined 
in the KNP for up to two years suggest that significant up-regulation of the HPA 
axis can be expected, which may have occurred in the zoo animals. The use of 
wild-captured, boma-habituated white rhinoceroses probably gives the clearest 
picture of physiological cortisol and FGM dynamics as these animals are only 
kept in captivity for relatively short periods of time. Furthermore, young healthy 
animals are normally selected for translocation to establish new breeding groups. 
 
Our study also highlights the effect of stress on the gastrointestinal transit time.  
The mean gastrointestinal transit time determined for the white rhinoceroses 
following saline injection was 54 hours. Following the ACTH challenge the peak 
clearance time was increased on average by 20 hours. Since the administration of 
either the saline or ACTH was randomized, this increased clearance time cannot 
be attributed to the experimental protocol. The implication is that under conditions 
of increased blood cortisol concentration it can be expected that gastrointestinal 
transit time is extended and may be associated with reduced feed intake. This 
finding may be a significant factor contributing to the anorexia observed in some 
rhinoceroses immediately after capture at the start of the confinement period. In 
addition, this extended gastrointestinal transit time should be considered when 
evaluating stressed rhinoceroses to ensure that the measurement of FGM 
corresponds with the timing of the stressor being evaluated. 
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ACTH challenge tests have been reported for four male black rhinoceroses 
(Brown et al., 2001), a single black rhinoceros male (Santymire et al., 2012), a 
single male Indian rhinoceros (Capiro et al., 2014) and a single wild-capture 
female white rhinoceros (Metrione and Harder, 2011). None of these animals were 
anaesthetized for blood collection, but blood samples were obtained for corticoid 
determinations from two black rhinoceroses (Brown et al., 2001) and the female 
white rhinoceros (Metrione and Harder, 2011). FGM concentration following 
ACTH challenge was not determined for the white rhinoceros and only a 20-fold 
increase in serum corticosterone was reported. Blood cortisol increased by 10 and 
16-fold in the two male black rhinoceroses while a peak in excreted FGM 
following ACTH occurred at about 48 hours (Brown et al., 2001) and 75 hours 
(Santymire et al., 2012). For the Indian rhinoceros a 3.5-fold increase in FGM was 
recorded with the peak excretion at about 22 hours following ACTH injection 
(Capiro et al., 2014). In the current study the rigorous experimental design 
allowed more information to be gained. Firstly, the saline control condition 
confirmed that high blood cortisol following the ACTH challenge was associated 
with a prolonged gastrointestinal transit time. Secondly, the saline control 
condition confirmed that cortisol secretion decreases under anaesthesia up to 90 
minutes. Finally, the control condition confirmed that even the stress of chemical 
immobilization can be detected by an increase in FGM at about 24 hours after the 
event, which is earlier than it takes for the orally administered marker to exhibit a 
peak in the faeces. This fact suggests that a small amount of the plasma cortisol 
may be transferred across the wall of the gastrointestinal tract and be metabolized 
in the gastrointestinal tract, rather than be excreted via the bile. Supporting 
evidence for this assumption comes from an ACTH challenge in lactating cows 
(Termeulen et al., 1981) where cortisol appearance in milk mirrored that in the 
blood. This means that even a small elevation of blood cortisol in the rhinoceroses 
in response to the capture process, or following the anaesthetic reversal, may have 
had a rapid effect on faecal FGM levels, as seen in the first faecal samples 
collected in our study. Samples collected from the rectum at capture should thus 
be interpreted with caution, since they may not reflect baseline FGM levels if the 
capture was particularly stressful or prolonged.      
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The extraction and assay procedures adopted have considered the methodological 
considerations raised by experienced researchers in this field (Millspaugh and 
Washburn, 2004; Palme, 2005). Faecal samples were well-mixed and a portion of 
the sample was dried to establish the percentage water content. This step is 
important because the consistency of rhinoceros faeces varies over time during 
habituation of the animals to the boma. In addition, no significant difference in the 
FGM concentration was found between fresh samples collected from the rectum 
and samples that had been effectively collected from the boma floor up to four 
hours later. Similarly, the faecal samples can also be stored at <-20ºC for up to 
nine months before being extracted. Directly assaying the methanolic extract in a 
steroid diluent was similar to the procedure adopted by other researchers (Dorsey 
et al., 2010; Termeulen et al., 1981) and gives excellent sample recoveries as well 
as a respectable coefficient of variation between samples in our assay (Dorsey et 
al., 2010; Terio et al., 1999). All of these factors make for a robust and reliable 
assessment of FGM concentrations in the rhinoceros. 
 
Although this FGM measurement is non-invasive, relevant and robust, the time 
required to complete the extraction and assay could take several days. This data 
can be advantageous to monitor stress of animals confined to bomas, but has no 
application where animals are captured and immediately translocated to other wild 
areas. It would therefore be advantageous to be able to predict the fate of an 
animal based on measurements made at the time of capture, which requires a more 
rapid field assessment to be made on site. To achieve this goal, we continued to 
evaluate the role that FGM information can provide in validating additional 
measures of animal stress and likely post-translocation outcomes.  
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CHAPTER 4 
 
Hypothalamic-Pituitary-Adrenal axis responses to capture and boma 
confinement in the white rhinoceros 
 
A large number of white rhinoceroses are captured and translocated every year in 
the Kruger National Park, South Africa. This is done to contribute to the long-
term survival of the species and to diminish the impact of poaching (Armstrong 
and Seddon, 2008; Dickens et al., 2010; Ferreira et al., 2012; Pinter-Wollman et 
al., 2009). In the wild the rhinoceroses are darted from a helicopter (Miller et al., 
2013) and are either transported directly to a new destination or placed in holding 
facilities called bomas (an enclosure to hold live wild animals) in preparation for 
their subsequent translocation. This temporary confinement is commonly referred 
to as boma-training. 
  
Boma-training involves a process of habituating or desensitizing animals to the 
stressors of confinement (Cyr and Romero, 2009; Grissom and Bhatnagar, 2009). 
As part of this training, they are also gradually introduced to different types of 
hays. The intensive management of the wild-captured rhinoceroses is essential to 
ensure successful habituation, reduce injuries, and avoid mortalities. The 
habituation process involves gradually introducing the rhinoceroses to 
incrementally smaller areas within the bomas (Figure 2.1; see Chapter 2) at a rate 
determined by each individual rhinoceros’s behaviour. By applying moderate 
stressors to an animal for a short period of time they habituate and the magnitude 
of their response to the stressor decreases (Esteruelas et al., 2015; Grissom and 
Bhatnagar, 2009; Råberg et al., 1998; Romero et al., 2009). 
 
After capture, the rhinoceroses are placed in a large “introduction boma” of the 
complex for 7 to 14 days. The time spent in the introduction boma is determined 
by how well the rhinoceroses habituate to their confinement. This is subjectively 
determined by the amount of food the rhinoceroses eat, subsequent amounts of 
defecation, and their behavioural responses to the confinement conditions. Once 
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the rhinoceroses are eating and defecating well, they are then placed in a smaller 
boma, the “confinement boma”, which has two compartments for management 
purposes. Each rhinoceros will stay in this smaller area for at least 14 to 28 days 
before its translocation can be considered. During this time period they may be 
moved to other more appropriate bomas, depending on the dominance hierarchy 
of neighbouring rhinoceroses (McEwen and Seeman, 1999; Metrione et al., 2007).  
 
In the wild, formation of dominance relationships provides the basis for 
competition for essential resources. White rhinoceroses in the wild have a social 
system that is based on clearly defined adult male territories. This territorial 
behaviour is characterized by four features; range exclusiveness, ritualized 
encounters, confinement of oestrous cows and scent marking (Owen-Smith, 
1971). In captivity, dominance hierarchies also develop as a result of herd social 
structure and competition for resources in white rhinoceroses, this hierarchy 
should always be considered when animals are placed in captivity to avoid spatial 
and social stress in the animals (Metrione et al., 2007).  
 
Stressors suppress feeding behaviour in some animals (Sapolsky et al., 2000) and 
this phenomenon is also noted in the rhinoceros. Those rhinoceroses that fail to 
eat or defecate sufficiently within the first 10 to 14 days of confinement are 
released back into the wild before any further serious health-related problems 
occur. Opportunistic infections, such as salmonella have also previously been 
noted in animals that fail to eat and adapt in the bomas.   
 
Stressors such as immobilization, handling, confinement and novel environments 
result in elevated blood concentration of the glucocorticoid hormone, cortisol, in 
animals (Dickens et al., 2010; Kock et al., 1990; Kock et al., 1999; Linklater et al., 
2010; Merl et al., 2000). This increased concentration of plasma cortisol typically 
returns to physiologically normal concentrations in time, resulting in habituation 
(de Kloet et al., 2005; Franceschini et al., 2008; Hill and Broom, 2009; Romero, 
2004; Turner et al., 2002). Habituation can also be described as the process that 
occurs when the same stressor(s) is applied to animals over a prolonged period of 
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time (Dhabhar and McEwen, 1997). Habituation involves the negative feedback to 
the brain by cortisol to reduce the secretion of corticotrophin-releasing-factor 
(CRF) and adrenocorticotropic hormone (ACTH). If there is either a sustained 
activation of the hypothalamus or a deficit in the efficiency of the negative 
feedback, elevated plasma cortisol concentrations can occur for a longer period, 
resulting in negative effects on the animal, such as lack of habituation (Romero, 
2004; Romero, 2012; Romero and Wikelski, 2010). It has been proposed that 
chronic stress and/or lack of habituation has negative effects on numerous 
physiological systems, including reproduction, growth, metabolism, immune 
function, behaviour and subordinate status by stimulating endocrine responses 
(Berga, 2008; Breazile, 1987; Budzyńska, 2014; de Kloet, 2003; Harbuz and 
Lightman, 1992; Morley et al., 1991; Powell et al., 1967b; Sapolsky, 2010; 
Stratakis and Chrousos, 1995; Wikgren et al., 2012; Wingfield and Sapolsky, 
2003). Human and laboratory animal studies have indicated that chronically 
elevated concentrations of the stress hormone cortisol are also associated with 
anorexia and depression (Sapolsky et al., 2000; Brambilla, 2001).  
 
There are few similar studies in the literature, but a study of dogs entering kennels 
showed they had an increase in hypothalamic-pituitary-adrenal axis (HPA) 
activity, but the increase was significantly higher in non-habituated dogs (Rooney 
et al., 2007). The HPA activity in non-habituated dogs also stayed above baseline 
values for longer than in dogs that had previously been partly habituated (Rooney 
et al., 2007). Rats that were repeatedly handled also showed a decrease in the 
HPA response, which was paralleled by a reduced behavioural response, when 
compared with rats handled only on a single occasion (Dobrakovová et al., 1993).   
In a further study exposure of rats to a severe stressor, in this case physical 
immobilization, caused an increased HPA response and an increase in anxiety-like 
behaviour when the rats were placed in a maze after exposure to the stressor 
(Armstrong and Seddon, 2008). A single exposure to a stressor is not only capable 
of inducing a long-lasting HPA response, it can also induce a behavioural and 
physiological sensitization of the response to further stressors (Belda et al., 2008).  
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Animals cope with changing environments by using both behavioural and 
physiological stress responses (Budzyńska, 2014). In the wild-captured 
rhinoceroses, the translocation procedure causes a stress response which has both 
a behavioural component and an adaptive physiological component. The stressor 
activates the immediate fight-or-flight response of the sympathetic nervous 
system, which is followed by the longer hormonal stress response of the HPA axis 
(Sapolsky et al., 2000). In nature, where a stressor mostly diminishes or ceases 
after a short period of time, negative feedback quickly suppresses the cortisol 
release, this is described as an acute stress response (Dickens et al., 2010). 
However, when the rhinoceroses are moved directly from the wild into 
confinement this causes a series of acute stressors on the rhinoceroses, resulting in 
a condition of chronic stress which can lead to the non-adaptation mentioned 
above (Wingfield and Romero, 2010). There is a bidirectional interaction between 
hormones and behaviour, where hormones can affect behavioural response and 
behaviour can influence hormone concentrations (Budzyńska, 2014). Chronic 
stress in an animal can cause changes in the animal’s physiological responses 
(HPA axis function and related effects) and behavioural responses (Dickens et al., 
2010).  
 
The objective in this study was to establish whether there is any evidence that the 
wild rhinoceroses habituate to confinement. We hypothesized that rhinoceroses 
that show early habituation to the confinement do so because there is reduced 
activation of the HPA axis. This study further investigated whether the magnitude 
of initial activation of the HPA response at capture contributes to the long-term 
HPA response observed during confinement. If this were true, then measures of 
samples taken at capture could be used to predict the outcome in the bomas. In 
addition, we used an established method (Miller et al., 2016) of scoring rhinoceros 
behaviour in confinement, to determine if the observed behaviour correlated with 
HPA activity recorded during confinement. 
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4.1 Methods  
 
To determine the extent of HPA axis activation in response to the initial stress of 
capture, handling and transportation, blood samples were obtained from each 
rhinoceros. To assess the effect of confinement on HPA activity, faecal samples 
were obtained at capture and at every opportunity during the period of 
confinement for the measurement of FGM as described in Chapter 3. 
 
4.1.1 Animal subjects 
 
This study was conducted in the Kruger National Park (KNP), South Africa, on a 
wild population of white rhinoceroses (N = 8968) (Ferreira et al., 2015). Some of 
these animals were authorized for translocation within South Africa during 2008 
to 2012 (n = 107). The rhinoceroses were immobilized from a helicopter as 
described in Chapter 2. 
 
4.1.2 Data collection at capture 
 
To determine which variables, if any, were associated with the subsequent 
responses to confinement the following relevant data were recorded: season, sex, 
ambient temperature at capture, distance the rhinoceros travelled before darting 
and after darting, body temperature once recumbent, time spent in crate before 
release into the boma and body weight at capture. 
 
4.1.3 Sample collection 
 
4.1.3.1 HPA response to capture  
 
To determine what the HPA response of each rhinoceros was to all the procedures 
of the capture operation, blood samples were collected in the wild from each 
immobilized rhinoceros immediately when it became recumbent. The blood 
samples were collected from the auricular vein into evacuated tubes (BD 
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Vacutainer systems, Preanalytical Solutions, Plymouth, UK). A further blood 
sample was obtained immediately before the rhinoceros was released into the 
boma (30 to 90 minutes after capture; time spent in the transport crate). In the 
laboratory, plasma and serum were harvested by centrifugation, and aliquots were 
stored at -20°C until assayed. 
 
 4.1.3.2 HPA response to confinement  
 
To determine what the HPA response of the rhinoceros was to boma-confinement, 
a fresh faecal sample was collected from the rectum of each rhinoceros at capture. 
Further samples were then attempted to be collected from faecal piles in the boma 
of each rhinoceros in the morning between 7:00 and 8:00 and again whenever else 
there was an opportunity to do so, up to day 28 after capture. After the period of 
boma-habituation each rhinoceros was partially immobilized for translocation to 
its final destination. At this time, a rectal faecal sample and a blood sample were 
again obtained. All faecal samples were mixed well and approximately 100g of 
each was frozen at -20°C until FGM extractions were performed. Plasma was 
harvested by centrifugation, and aliquots were stored at -20°C until the assay was 
performed. 
 
4.1.3.3 Behavioural response to confinement 
 
All rhinoceroses which entered the boma were carefully monitored and their well-
being scored on a daily basis according to a simple three-category scoring system.  
This validated scoring system is based on appetite, faecal consistency and volume,  
and behaviour (Miller et al., 2016). Each category contributes a maximum of 5 
points to the total score; a high score represents a rhinoceros that habituated well 
to confinement: eating well, defecating well and not aggressive or nervous. A low 
score, on the other hand, represents a rhinoceros that did not eat or defecate well 
and appeared to be aggressive, restless or nervous (Table 4.1). All the activities  
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Table 4.1 Scoring system for the monitoring of white rhinoceros (adapted from Miller et 
al. 2016). 
H
E
A
L
T
H
Y
 A
N
IM
A
L
 
Score Appetite Faecal consistency/volume Behaviour  
 
5 
Eating 75% to 100% 
of normal intakea 
Brownish/green large stool 
(multiple defaecations per day) 
Calm and alert, but doesn’t avoid 
people; standing stationary and turns 
head and/or ears towards stimulusb 
 
 
4 Eating 50% to 75% 
of normal intakea 
 
Dark brownish/green medium 
stool (3 to 5 balls more than 
once a day) 
Calm but avoids people; walks away 
slowly in response to stimulusb 
 
 
3 Eating 25% to 50% 
of normal intakea 
Dark small stool (1 or 2 balls 
more than once a day) 
Mildly nervous and/or aggressive; 
trots and/or walks away rapidly for a 
short distance in response to 
stimulusb 
 
 
2 Eating 0% to 25% of 
normal intakea 
Putty-like dark, small stool or 
loose faeces 
Moderately nervous and/or 
aggressive; runs or trots away and/or 
charges once or twice in response to 
stimulusb 
 
 
 
1 
Not eating at all Not defaecating 
Extremely nervous and/or aggressive; 
runs around and/or frequently charges 
and/or hits the poles/doors in 
response to stimulusb 
 
S
IC
K
 /
 I
L
L
 A
N
IM
A
L
 
 
-1 
- 
Stool is loosely formed (similar 
to domestic cow) 
Mildly depressed; minimal 
movement of ears, partially closed 
eyes, walks slowly only short 
distance in response to stimulusb  
 
 
-3 - 
Diarrhea (light brown or green 
in colour) 
Moderately depressed; no response of 
ears, eyes, or movement while 
standing in the presence of stimulusb 
 
 
-5 - 
Profuse watery diarrhea (dark 
brown / black in colour) 
Very depressed; recumbent with no 
response to stimulus or physical 
touchb 
 
 
a Normal intake for an adult white rhinoceros is approximately 25–40 kg of mixed a per day. 
Animal size and type of feed will affect the amount that is considered normal intake and should 
be adjusted for each facility based on consumption by adapted animals. 
b Stimulus = presence of a person at ground level in view of the animal close to the poles of the 
boma. 
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related to the management of the rhinoceroses while in confinement were also 
recorded; this included time spent in the introduction boma, when the rhinoceros 
was closed in the confinement boma, whether the rhinoceros was moved to an 
alternative confinement boma and information related to neighbouring 
rhinoceroses (age and sex). Finally, the weight of the rhinoceros was recorded 
when it was loaded for translocation. 
 
4.1.3.4 Plasma cortisol assay 
 
Plasma cortisol concentrations were measured using a commercially available 125I 
RIA kit (Coat-a-Count®, Siemens Healthcare Diagnostics, CA, USA).  
 
4.1.3.5 FGM extraction and assay  
 
Extraction of glucocorticoid metabolites from the faecal sample was done using 
the method described in Chapter 3. The measurement of FGM concentrations was 
performed with a 125I Corticosterone RIA kit (MP Biomedicals LLC, Santa Ana 
CA, USA) which has been validated for several species including South African 
herbivores (Brown et al., 2001; Carlstead and Brown, 2005; Chinnadurai et al., 
2009; Wasser et al., 2000). The methanol extracts were diluted 2:1 with the 
manufacturer’s steroid diluent (Cat. No. 07-166196) and assayed according to the 
manufacturer’s instructions. Results were recorded as ng.g-1 dry faeces. 
 
4.1.3.6 Data analysis 
 
Plasma cortisol concentrations were not normally distributed so they were 
compared by repeated measures, non-parametric Friedman test and Dunn’s 
multiple comparison post-test. Gender differences were tested for with the use of 
the Mann Whitney test. FGM data were also not normally distributed so values 
obtained on different days were compared with the Kruskal-Wallis statistic and 
Dunn’s multiple comparison post-test. To test whether the HPA response at 
capture influenced the HPA response in confinement, the Spearman correlation 
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coefficient was determined using plasma cortisol concentrations at capture and 
FGM concentrations during confinement. To establish whether any of the other 
variables associated with the capture process had an effect on the HPA response, 
the Spearman correlation coefficient was used to examine their association to the 
plasma cortisol concentrations and the subsequent FGM concentrations measured. 
Each rhinoceros’s individual scoring was also compared against the capture 
variables for any association by determining the Spearman correlation coefficient. 
 
4.2 Results 
 
4.2.1 HPA response to capture 
 
There was no difference in the plasma cortisol concentrations between male and 
female rhinoceroses at any point, so data for both sexes were combined. Figure 
4.1 shows the data obtained for plasma cortisol concentrations of white 
rhinoceroses at the time of capture, when the rhinoceroses were offloaded at the 
boma (after spending time in crate) after capture in the wild and when the 
rhinoceroses were immobilized and reloaded for translocation. Blood sample were 
collected from 124 animals at capture but figure 4.1 shows the results of 107 
complete datasets that were available. 
 
By the time the rhinoceroses were offloaded at the boma the plasma cortisol was 
significantly (P<0.05) higher than from the sample obtained at capture (103.6 + 
43.4nmol.l-1 vs. 43.1 + 26.1nmol.l-1; n=107). After the period of confinement, the 
plasma cortisol concentration was similar to that obtained at capture (36.8 + 
24.1nmol.l-1vs. 43.1 + 26.1nmol.l-1; n=107), but was significantly (P<0.05) lower 
than when the rhinoceroses were released into the boma (36.8 + 24.1nmol.l-1 vs. 
103.6 + 43.4nmol.l-1; n=107). 
 
The plasma cortisol concentration at capture did not significantly correlate with 
the plasma cortisol concentration obtained when the animals were offloaded at the  
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 Figure 4.1 Plasma cortisol concentrations (nmol.l-1) of white rhinoceroses (n=107) 
obtained at capture, before offloading at the boma and later when reloaded for 
translocation Data is shown as box plots with median and 95% confidence levels. 
 
boma (Spr = 0.1637; P=0.0753; n=107). The results in Table 4.2 show that neither 
age of the rhinoceros nor season of the year showed any correlation with the  
plasma cortisol concentration at capture or when the rhinoceroses were offloaded 
at the boma.  
 
The distances the rhinoceroses ran before darting, after darting and therefore the 
total distances run have an influence on the plasma cortisol concentration at 
capture. However, by the time the rhinoceroses were offloaded at the boma there 
was no significant correlation between these variables and plasma cortisol 
concentration. The distance the animal moved before being darted as well as the 
season in which the capture took place also had an influence on the body 
temperature. 
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4.2.2 HPA response to confinement 
 
Figure 4.2 shows the trend of the FGM concentration excretion from the time of 
capture (rectal sample) over the first 28 days of confinement (boma floor samples) 
and again at the time of loading for translocation (rectal sample). The FGM 
concentrations obtained from the samples of the rhinoceroses while they were 
confined in the boma were all greater (P<0.05) than from the samples obtained 
from the rectum of the rhinoceroses at capture (4.2 + 1.6ng/g; n=59). There was 
no significant difference in FGM concentration from the samples collected in the 
boma between day 7 (9.0 + 5.0ng/g; n=19), day 14 (9.2 + 5.5ng/g; n=40), day 28 
(7.6 + 4.0ng/g; n=48) or when the rhinoceroses were loaded for translocation (6.6 
+ 2.5ng/g; n=54).  
 
No significant difference was found in the FGM profiles in the females compared 
to the males over 28 days, except between day 7 and day 10. From day 7 to 10 the 
 
Table 4.2 Capture conditions which influence plasma cortisol concentrations and body 
temperature. 
Variable 
Plasma cortisol 
concentration at 
capture 
Plasma cortisol 
concentration at 
offloading 
Body 
temperature 
 Spr P Spr P Spr P 
Distance before 
darting 
0.3642 0.0071 0.2331 0.1109 0.3699 0.0205 
Distance after 
darting 
0.4121 0.0029 0.2623 0.0782 0.1741 0.2958 
Total distance 0.4020 0.0032 0.2737 0.598 0.2981 0.0653 
Age -0.144 0.344 0.054 0.701 -0.0014 0.9929 
Season -0.0460 0.7296 -0.0708 0.6073 -0.5817 0.0000 
Spr = Spearman correlation coefficient; P = probability  
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Figure 4.2 Faecal glucocorticoid metabolites (ng.g-1) of white rhinoceroses measured in 
faecal samples obtained for up to 28 days of confinement. For clarity, the average data are 
represented as a line showing the average data over the 28-day period, with mean and 
standard deviation only shown for day of capture and then on days 7, 14, 21 and 28. 
 
4.2.3 Behavioural response to confinement 
 
The average behavioural score for individual rhinoceroses in confinement did not 
correlate with FGM concentrations, plasma cortisol concentrations at capture or 
any of the other capture variables. The 7-10 day FGM concentration was, 
however, negatively correlated with individual behavioural scores between day 7 
and 10 (Spr = -0.4453; P = 0.021; n=31). Plasma cortisol concentration in the 
blood sample collected at capture was also negatively correlated with behavioural 
scores between day 7 and 10 (Spr = -0.3860; P = 0.0351; n=30). 
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4.3 Discussion 
 
In this study, we found that white rhinoceroses have variable responses to capture. 
The rhinoceroses showed a significantly increased cortisol secretion in response to 
transportation after capture, which did not correlate with the time spent in the 
crate before being offloaded at the boma or with the plasma cortisol concentration 
at capture. This suggests that there is a differing individual response to handling 
and transportation after capture. 
 
Similar to the ACTH validation study (see Chapter 3), rectal faecal samples 
obtained from wild-captured white rhinoceroses show low concentrations of 
FGM. However, within 4 days of confinement after capture there was a significant 
increase in FGM concentration which was associated with strong stimulation of 
the HPA axis. It is important to note that during the initial three days of 
confinement the rhinoceroses are still under the sedative effect of the Acuphase 
which was injected at capture (see methods). Declining FGM concentrations are 
observed from day 14 onwards to day 17, but have a tendency to increase in the 
five days thereafter. It was at this time that the rhinoceroses are often moved 
within the boma complex for better placement and management in the boma.  
The only difference noticed in different sexes of white rhinoceroses in response to 
confinement was that the females’ FGM concentrations peak earlier than the 
males’. A similar response was seen in Southern American camelids where there 
were also no significant differences in FGM concentrations in the different sexes 
but it also peaked at different days and at different concentrations (Arias et al., 
2013). The female rhinoceroses showed better behavioural habituation to boma 
confinement than the male rhinoceroses and could be enclosed in the confinement 
boma as early as day 7 to 10. For the males, confinement to the smaller bomas 
could only take place between day 10 and 14. The higher FGM concentration 
recorded in the females compared to the males at this time (day 7 to 10) suggests 
that the HPA axis was once again stimulated by this confinement in the smaller 
boma area. 
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It is important to note that even for an extended period of confinement, when a 
rhinoceros is considered to be well habituated, the FGM concentration does not 
return to pre-capture levels. Despite the fact that the individual scores (feeding, 
defecation and behaviour) of the rhinoceroses in confinement improved over time, 
the elevated FGM concentrations suggests that there is still significant cortisol 
secretion. After 7 to 10 days of confinement, the increasing FGM concentrations 
and lower scores suggested greater perceived stress by the rhinoceroses. The only 
valid predictor of rhinoceroses displaying these behaviours was the HPA 
reactivity as indicated by the elevated plasma cortisol concentrations at capture. 
Although there was evidence of behavioural habituation, the HPA axis activity 
shows that there was no physiological habituation. 
In our study, the majority of the rhinoceroses responded in a similar way to that 
previously found in black rhinoceroses (Kock et al., 1990) and black and white 
rhinoceroses (Turner et al., 2002). The study on black rhinoceroses (Kock et al., 
1990) showed an increase in plasma cortisol concentration with capture and 
confinement, while another study on black and white rhinoceroses (Turner et al., 
2002) showed an increase in FGM concentration with capture and confinement.  
 
It is crucial for the cortisol secretion to be shut off via negative feedback after an 
acute stressor diminishes or ceases, as elevated cortisol concentrations can 
potentially cause physiological damage (Romero and Wikelski, 2010). Some of 
the variables involved with the translocation process of rhinoceroses cause 
unavoidable stress to the rhinoceroses and have the potential to cause chronic 
stress. The translocation process involves multiple acute stressors that initiate 
consecutive acute stress responses as well as longer lasting chronic stress 
responses. Chronic stress can lead to changes in both the physiological stress 
response and the behavioural response; this includes HPA dysregulation and 
behavioural coping. These responses themselves or in combination with others 
(increased sympathetic nervous system output and immune suppression) 
contribute to translocation failure because they are tied to factors directly linked to 
translocation failure such as starvation, increased susceptibility to disease, 
reproductive failure, predation and dispersal (Dickens et al., 2010).   
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It is important to minimize the accumulated multiple acute stressor responses 
through proper planning and management. Effective planning would include 
making use of the best available equipment, technology, pharmacology and highly 
experienced personnel throughout the entire translocation operation. Design of the 
holding facility with large areas for the introduction boma is very important for 
success. Intensive management of the rhinoceroses in confinement requires 
providing the best available fodder and water, minimal disturbance of the 
rhinoceroses and limiting unnecessary moving of rhinoceroses in the complex. 
Non-invasively monitoring the HPA response of the rhinoceroses to confinement 
also gives insight that allows management changes to be implemented. By 
evaluating FGM concentrations of rhinoceroses throughout the boma period, 
changes in the HPA axis response could be controlled by management practices.  
 
Evidence for the above recommendations can be noted by looking specifically at 
typical individual responses of male and female rhinoceroses in confinement as 
shown in figure 4.3 and discussion below.   
 
Male 39/09 (five to six years old). This rhinoceros started eating at day 3 but was 
always slightly nervous. He was closed in the confinement boma at day six and 
moved to another boma the next day. This was followed by the first spike in the 
faecal glucocorticoid metabolite (FGM) concentration. The FGM concentration 
then decreased to day 9 when a neighbouring animal was immobilized for loading 
and translocation. This activity resulted in another small spike at day 11. On day 
14 a larger male rhinoceros was moved into the boma next to him, resulting in 
another spike in the FGM concentration. After this HPA axis response this animal 
seemed to settle down and the FGM concentration on day 28 was slightly greater 
than the pre-capture level.   
 
Male 34/09 (10 to 15 years old). This rhinoceros had been captured four years 
previously and placed in the boma. He, however, did not eat well after the first 
capture and had been released back into the wild at day 10. This time around he 
was nervous and aggressive for the first three days but started eating by day 4, 
50 
 
which was followed by a decrease in the FGM concentration. Introducing other 
rhinoceroses in the adjoining bomas caused a small spike toward day 9 and 10. On 
day 14 he was closed in the confinement boma which caused the biggest FGM 
concentration increase. The FGM concentration then decreased by day 28, but did 
not reach the pre-capture level.  
 
Male 40/08: (six to seven years old). This rhinoceros had recent scars on his head 
from fighting in the wild. Scars like these are normally obtained from fights with 
territorial males. Of particular note is the elevated FGM measured in the rectal 
sample obtained at capture. He also fought with the young female that was 
captured at the same location with him and who was released into the same boma 
on arrival. They were immediately separated and placed in individual bomas. By 
day 2 he started eating and this improved on day 3 and 4. On day 6 he was moved 
to another boma where his neighbours were other larger males. This management 
action caused the start of a spike in FGM concentration from day 8 and to day 14 
when it peaked. He was subsequently closed in the confinement boma, which 
isolated him from the other males on day 14 which resulted in a small decrease in 
the FGM concentration for the next three days. FGM concentration however had 
increased by day 28. This case shows that despite the fact the rhinoceros was 
eating well it never habituated to the confinement, as seen in the elevated FGM 
concentration. 
 
Female 8/09 (two to three years old). This animal was nervous and aggressive 
from the first day she entered the boma, but she was eating from day 3. Her FGM 
concentration peaked at day 5, which coincided with the appearance of several 
superficial wounds which she had sustained in the boma, by charging the pole 
walls and gates. She subsequently became less nervous and aggressive and was 
closed in the smaller confinement boma on day 8. This action was associated with 
a small spike in the FGM concentration by day 10. She remained nervous and 
aggressive and had settled down somewhat in time, but by day 28 the FGM 
concentration was still elevated.  
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Figure 4.3 Individual responses of male and female white rhinoceroses to confinement 
and management actions. 
 
Female 3/09 (six to seven years old). This animal was also nervous and 
aggressive when she entered the boma. She started eating the fresh grass in the 
introduction boma by day 3 but paced up and down the boma. The FGM  
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concentration peaked by day 7 but she seemed to have settled down. By day 8 and 
9 she however started hitting the poles and digging holes, which caused a small 
spike in FGM concentration by day 10. She was closed in the confinement boma 
on day 11, when she also settled down. The FGM concentration returned to pre-
capture level by day 28. 
 
Female 25/09 (six to seven years old). This animal was aggressive from the time 
she entered the boma. On day 2 she was digging holes and showed aggression 
resulting in her chipping her front horn. On day 3 she was hitting the boma doors 
and it was decided to dart her with a drop-out dart containing zuclopenthixol 
acetate (Acuphase®, H. Lundbeck A/S, Ottiliavej 9, DK – 2500, Valby, Denmark). 
This had the desired behavioural effect as she was able to be closed in the 
confinement boma on day 5. The FGM concentration also increased at a slower 
rate than the other females, most likely due to the effects of the tranquiliser. By 
day 8 she was eating well but became nervous and aggressive again. On day 12 
she was moved to another confinement boma and she split her front horn the next 
day. FGM concentrations reached a peak by day 14. She eventually broke the horn 
off by day 22, but seemed to have settled down thereafter. The FGM 
concentrations then declined but never reached pre-capture level.  
 
These case studies presented above indicate that FGM concentrations closely 
reflect HPA activity in response to both animal interpersonal conflicts and human 
management practices within the bomas. 
 
4.4 Conclusion 
 
In this study the capture, handling, transportation and confinement of white 
rhinoceroses caused significant stress to the animals, as reflected by HPA activity. 
We could not establish any predictor of success of habituation in the boma 
environment. While the rhinoceroses were in confinement management practices 
contributed to HPA axis responses in the rhinoceroses. This highlights the 
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importance of continuing physiological assessment of the impact of management 
practices for all rhinoceroses held in confinement.  
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CHAPTER 5 
 
Acute Phase Protein Response to ACTH challenge and capture, confinement 
and translocation of the white rhinoceros 
 
In an attempt to quantify the stress experienced by rhinoceroses during capture, 
confinement and translocation, we have previously measured FGM (Chapter 4). 
This procedure is non-invasive, relevant and robust but the time required to obtain 
the final data could take several days. Data gathered in this way is applicable to 
monitor the stress of rhinoceroses in confinement, but has no application where 
rhinoceroses are captured and immediately translocated to other areas. It would 
therefore be advantageous to be able to relate a stress-induced physiological 
variable, measured shortly after a relevant sample is obtained at the time of 
capture, to determine the fate of a translocated animal. The capture and 
translocation of the white rhinoceros involves physical exertion, handling and 
transportation to a new environment which all contribute to physical, 
physiological and psychological stressors. Individually or combined, these 
stressors may have detrimental effects on the animal (Dickens et al., 2010). 
 
Besides the usual neuro-hormonal response to stress, studies of human (Kang and 
Fox, 2001), rodent (Hale et al., 2003; Nukina et al., 2001) and domestic animal 
responses to psychological stress have also highlighted the role of the pro-
inflammatory cytokines. These cytokines, secreted from activated macrophages 
are able to modulate protein synthesis by the hepatocytes, resulting in secretion of 
a number of proteins in the so-called acute phase response (APR). The goal of the 
APR is to re-establish homeostasis and to promote healing and is part of the innate 
immune response. Acute phase proteins (APP) are blood proteins synthesized by 
hepatocytes during the APR and are triggered by stimuli like trauma, infection, 
stress, neoplasia and inflammation (Carroll and Forsberg, 2007). The APR may 
result in changes in more than 200 proteins which can be grouped as positive APP 
and negative APP. Albumin and transferrin are major negative APP which 
decrease in concentration in the blood during the APR. Positive APP 
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concentrations increase in the blood during the APR and can be further classified 
as major, moderate or minor, depending on the magnitude of their increase (Cray, 
2012). Major proteins are those that increase 10- to 1000-fold after the triggering 
event, increase within the first 48 hours of the triggering event and have a very 
short half-life. Moderate (5- to 10-fold increase) and minor (only slight increase 
less than twofold) proteins increase slowly during the APR and have a more 
prolonged duration dependent on the status of the triggering event and are more 
often observed during chronic processes. The positive APP have multiple 
functions, which include modulating the immune system, protein transport and 
tissue protection from the damages of inflammation (Cray et al., 2009). The serum 
concentration of the APP returns to basal when the triggering factor is no longer 
present (Petersen et al., 2004).  
 
Currently, veterinary medicine uses APP concentrations to assist with prognosis 
of diseases in companion and domesticated animals (Cray et al., 2009). However, 
several recent reports have shown that APP are relevant as biomarkers of stress 
and indicators of stress (Cray, 2012; Cray et al., 2013). Two components of the 
rhinoceros capture process, namely the exercise and transportation, are known to 
raise the plasma cortisol concentrations in several other species (Saeb et al., 2010; 
Nagata et al., 1999; Schmidt et al., 2010). Previous research showed that serum 
amyloid A (SAA) and haptoglobin (Hp) are two APP associated with exercise and 
transportation in endurance horses (Valle et al., 2015; Cywinska et al., 2010). In 
cattle, elevating the blood cortisol concentration to levels experienced during 
stress also activates the APR, with an increase in both circulating tumour necrosis 
factor (TNF)-α and Hp (Cooke et al., 2012). Exercise also increases pro-
inflammatory cytokines in horses (Donovan et al., 2007), leading to possible 
activation of the APR. Transportation of horses has been shown to increase the 
plasma concentration of Hp and SAA (Casella et al., 2012). Measurement of APP 
is thus considered to be a rapid diagnosis to evaluate animal welfare under 
stressful conditions (Gómez-Laguna et al., 2011). This factor is of considerable 
importance since rapid point-of-care analyses for some APP are already in 
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advance stages of development (Dr. Pitts personal communication from Tri-Delta 
Corporation, Ireland and SOMA Bioscience Ltd., UK). 
 
In this study in white rhinoceroses, we investigated if an increase in plasma 
cortisol concentration, achieved by means of an intramuscular injection of an 
ACTH analogue (Synacthen®) caused an increase in the plasma concentrations of 
the two acute phase proteins SAA and Hp. In addition, the APR of SAA and Hp to 
capture and confinement of wild white rhinoceroses was also investigated. 
 
5.1 Materials and methods 
 
To establish whether an elevation in the serum concentration of SAA and Hp can 
be induced by an increase in the plasma cortisol concentration in the white 
rhinoceros, an ACTH challenge was conducted in boma-confined well-adapted 
rhinoceroses. To determine whether the stress of capture, handling and transport 
of the white rhinoceros induces an APR, blood samples were obtained from wild-
captured rhinoceroses. The samples were obtained immediately after capture in 
the wild and then again after the rhinoceroses were handled, loaded and 
transported to the bomas. A final sample was obtained after a period of boma 
confinement when the rhinoceroses were reloaded from the boma for translocation 
or release.  
 
5.1.1 Animal subjects 
 
Two trials were used in this study to evaluate both SAA and Hp as indicators of 
stress in white rhinoceroses. The four white rhinoceroses captured in the wild (see 
Chapter 2) were used in a cross-over protocol to investigate APR in response to an 
ACTH challenge. The plasma cortisol response to this procedure in white 
rhinoceroses was reported on previously (See Chapter 3), where the 
administration of the ACTH analogue induced an 8-fold increase in plasma 
cortisol within 15 – 20 minutes. 
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Secondly, white rhinoceroses were captured in the wild (see Chapter 2), as part of 
the SANParks annual translocation program and were transported to the bomas in 
Skukuza in the Kruger National Park. These animals were used to assess the APR 
following capture. In this trial, ten rhinoceroses were selected by means of a three-
category scoring system to assess adaptation to bomas (see chapter 4, Fig. 4.1). 
The system is based on appetite, faecal consistency and volume, and behaviour of 
the rhinoceroses in the boma. The rhinoceroses were scored once a day from the 
first day of arrival after capture in the wild in the boma to the last day when the 
rhinoceroses were loaded for translocation. A  mean score was calculated for each 
animal for the duration of the confinement period (Miller et al., 2016). The five 
poorest performing rhinoceroses (five animals with lowest mean score <7) were 
compared to the five best performing rhinoceroses (five animals with the highest 
mean score >17) using the scoring system (Table 5.1).  
 
Table 5.1 Information and mean score of 10 captured and confined white rhinoceroses. 
Animal no Sex Age (years) Mean score 
 
31/09 Female 5-7 19.02 
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22/09 Male 5-7 18.18 
39/09 Male 5-7 17.82 
43/09 Female 5-7 17.57 
37/09 Female 5-7 17.49 
2/12 Male 5-7 6.76 
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10/12 Male 5-7 6.88 
6/12 Male 4-5 6.93 
9/11 Female 4-5 8.18 
10/11 Male 5-7 8.24 
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The five poorest performing rhinoceroses were released back into the wild within 
10-12 days because of lack of adaptation to the captive conditions. The other 
rhinoceroses were kept in the bomas for between 120-180 days in preparation for 
translocation. 
 
5.1.2  Sample collection and ACTH challenge trial 
 
During the ACTH challenge blood samples were collected from the auricular vein 
once the rhinoceros was recumbent making use of an intravenous catheter (detail 
description in Chapter 3). 
 
For this study, the APP concentrations at T0 and T60 were compared to establish 
if there were any significant differences after exposure to elevated plasma cortisol 
for this length of time. Sixty minutes was also the average time (range 30 to 90 
minutes) it took to transport the rhinoceroses from capture sites in the wild to 
where they were released into a boma (see Chapter 2).  
 
5.1.3  Capture, transport and confinement trial 
 
The capture and sample collection procedures for this part of the study were 
described in detail in Chapter 2.  
 
5.1.4 Haptoglobin assay 
 
The Hp assay (Tri-Delta Development Limited, County Kildare, Ireland, Cat. No. 
TP-801) is a colorimetric assay designed to quantitatively measure the 
concentration of Hp in serum or in plasma in a wide range of animal species. 
Under normal conditions Hp is either absent from the blood or present at very low 
concentrations. Hp can however increase significantly in response to acute 
infection, inflammation or trauma (Tridelta, 2017a).  
The principle of the assay is that free Hp exhibits peroxidase activity at a low pH. 
The Hp in a specimen binds to haemoglobin and at a low pH preserves the 
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peroxidase activity of the bound haemoglobin. The peroxidase activity of the 
specimen is then directly proportional to the amount of Hp in the specimen 
(Tridelta, 2017a).  
 
5.1.5 Serum Amyloid A assay 
 
The SAA assay kit detects SAA in serum or in plasma in a wide range of animal 
species. It is a solid phase sandwich Enzyme Linked Immunosorbent Assay 
(ELISA) (Tri-Delta Development Limited, County Kildare, Ireland, Cat. No. TP-
802). A monoclonal antibody specific for SAA has been coated into wells with a 
HRP labelled anti-SAA antibody. Any SAA present in a sample will be captured 
between the coat of microplate and the labelled antibody. After washing the plate 
and the addition of the TMB substrate, a blue coloration that is proportional to the 
amount of SAA present in the sample is generated. The reaction is then stopped 
with a low pH reagent. For the assay the manufacturer-recommended 
methodologies were followed (Tridelta, 2017b). 
 
5.1.6 Plasma Cortisol assay 
Plasma cortisol concentrations were measured using a commercially available 125I 
RIA kit (Coat-a-Count®, Siemens Healthcare Diagnostics, Los Angeles, Santa 
Ana CA 90045, USA) as previously described (see Chapter 3). 
 
5.1.7 Data analysis 
 
ACTH trial:  A one-way ANOVA with repeated measures as well as the Tukey’s 
multiple comparison post-test was used to compare plasma concentrations of Hp, 
SAA and cortisol in the ACTH trial and within group comparisons in the capture, 
transport and confinement trial. 
 
Captured Rhinoceroses:  For the comparison of plasma concentrations of Hp and 
SAA within and between groups in the capture, transport and confinement trial, a 
one-way ANOVA as well as the Tukey’s multiple comparison post-test was used. 
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To determine whether there is any relationship between plasma cortisol 
concentration and SAA secretion, a Pearson correlation analysis was applied to 
the data. 
 
5.2 Results 
 
5.2.1 Haptoglobin 
 
There was no significant difference in the Hp concentrations between T0 and T60 
when ACTH was administered or when saline was administered in the four 
rhinoceroses subjected to the ACTH challenge (Figure 5.1). Thus, neither 60 
minutes of immobilization nor 60 minutes of exposure to an elevated plasma 
cortisol concentration produced an increase in Hp concentrations in these 
rhinoceroses. Figure 5.2 shows the plasma Hp concentrations in the captured 
rhinoceroses assigned to the poor performing and best performing groups. The Hp  
concentrations in the samples collected from the rhinoceroses at the capture (C1) 
and in the samples collected from the rhinoceroses at the time they were released  
 
 
Figure 5.1 Plasma haptoglobin response to saline or ACTH administration. 
 
Saline ACTH 
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Figure 5.2 Haptoglobin response to capture, transportation and confinement. 
Note: Columns with the same letter (a or b) are significantly different from each other 
(P<0.01; n=5).     
 
 (R) because of poor performance differ significantly (P < 0.05). There was also a 
significant difference in the Hp concentrations of these rhinoceroses at the time 
when they were offloaded at the boma after capture and transportation of 60 
minutes (B1) compared to when they were released (R) (P < 0.01). In the 
rhinoceroses assigned to the best performing group, there are no significant 
difference in the Hp concentrations in the different samples obtained at similar 
time points. However, even in the well-adapted animals there was a tendency for 
the Hp to be increased after confinement (P=0.059). There were no significant 
differences in the plasma Hp concentration between the groups at each time point, 
including when the rhinoceroses were either released or reloaded for translocation.   
 
These results indicate that neither 60 minutes of immobilization nor 60 minutes of 
exposure to elevated plasma cortisol concentration, whether from the physical 
capture and transport or ACTH challenge, have an effect on plasma Hp 
concentration. 
Poor Best 
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5.2.2 Serum Amyloid A  
 
There were significant differences in the SAA concentrations between T0 and T60 
when ACTH was administered and when saline was administered (P < 0.001) in 
the four rhinoceroses subjected to the ACTH challenge (Figure 5.3).  In addition, 
there was a significant difference between the two samples collected at T60s and 
T60 (P < 0.001). This means that 60 minutes of immobilization alone did 
significantly (P < 0.001) increase the SAA concentration. A further significant 
increase in SAA was seen in the ACTH challenge, where the combined effects of 
60 minutes’ immobilization plus the elevated cortisol concentration are present.  
 
In the captured rhinoceroses assigned to the poor performing group, there were no 
significant differences in SAA concentrations at any time point (Figure 5.4). 
Within the best performing group, the SAA concentrations differ significantly 
between the samples collected at capture (C2) and those samples collected when  
 
 
Figure 5.3 SAA response to saline or ACTH administration.  
Note: Columns with the same letter (a and b) are significantly different to each other.  
 
Saline ACTH 
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Figure 5.4 SAA response to capture, transportation and confinement. 
Note: Columns with the same letter (a, b, c or d) are significantly different from each 
other. 
 
the rhinoceroses were offloaded at the boma after the capture and transportation of 
60 minutes (B2; P < 0.001). After the period of successful confinement (L), where 
the rhinoceroses adapted to confinement, the SAA concentrations were lower than 
those at capture (C2; P<0.05) and at release into the boma (B2; P<0.001). When 
comparing between the poor performing group and the best performing group, the 
SAA concentrations were significantly (P< 0.001) higher (R) in the poor 
performing group when they were released than in the best performing group 
when they were loaded after successful confinement (L) (Figure 5.4). It is also 
important to note that the average SAA concentration from the rhinoceroses 
darted in the bomas for the ACTH challenge was initially significantly lower than 
that measured in the ten wild-captured rhinoceroses at capture (P<0.0001)  
 
5.2.3 Plasma Cortisol 
The plasma cortisol concentrations at capture, offloading at the boma and when 
the rhinoceroses were released from the boma differed between the poor 
Poor Best 
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performing group and the best performing group (Figure 5.5). Within the poor 
performing group, the cortisol concentrations of the samples collected at capture 
(C1) and that of the samples collected after capture and translocation of 60 
minutes (B1) differ significantly (P < 0.001). The cortisol concentrations also 
differed significantly between samples collected after capture and transportation 
of 60 minutes (B1) and those obtained when the rhinoceroses were released (R) 
because of poor performance (P < 0.01). Within the best performing group, the 
cortisol concentrations of the samples collected at capture (C2) and that of the 
samples collected after capture and 60 minutes of transportation (B2) differ 
significantly (P < 0.05). There was also a difference in the samples collected at 
capture and 60 minutes of transportation (B2) and that of when the rhinoceroses 
were loaded for translocation after a period of confinement (L) (P < 0.05).  
 
From these results, it can be seen that there was a significant increase in plasma 
cortisol concentrations in both groups after capture and subsequent 60 minutes of  
 
 
Figure 5.5 Plasma cortisol response to capture, subsequent transportation and 
confinement.  
Note: Columns with the same letter (a, b, c or d) are significantly different from each 
other.  
Poor Best 
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Figure 5.6 Correlation between plasma cortisol and plasma SAA; Pearson r = 0.4740; 
P=0.0347; n=20.  
 
transportation, but that there are no significant differences in plasma cortisol 
concentrations between the two groups at each sample time. 
Figure 5.6 shows the relationship between plasma cortisol and SAA concentration 
for the ACTH trial and the ten wild-captured rhinoceroses at all time points. There 
was a significant correlation between plasma cortisol and 
the SAA concentration in the combined data set (Pearson r = 0.4740; P=0.0347; 
n=20). There was no significant correlation between plasma cortisol and the Hp 
concentration in the combined data set (Pearson r = -0.2988; P=0.2007; n=20). 
 
5.3 Discussion 
 
From the results above, it would appear that the changes in SAA concentration are 
more sensitive to the effects of immobilization and to the exposure of elevated 
plasma cortisol caused by capture, immobilization and transportation than Hp in 
white rhinoceroses. 
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Immobilization for 60 minutes increased SAA, and the further addition of an 
ACTH-induced increase in plasma cortisol caused a 3-fold increase in SAA. This 
suggests that circulating SAA was acutely influenced by the prevailing cortisol 
concentration. In contrast, plasma Hp concentrations showed no such effects. 
Thus, it would appear that activation of the HPA axis by stress-related incidents 
was also associated with an increase in SAA. This association between plasma 
cortisol concentration and SAA concentrations was further confirmed by the 
significant positive Pearson’s correlation between these parameters in the capture, 
transport and confinement trial (Figure 5.6). 
 
However, other studies have noted that there appears to be a time dependent effect 
on the rate of increase in these two acute phase proteins. For example, acute 
corticotropin-releasing hormone (CRH) administration also elicits a pro-
inflammatory response in conscious cattle (Hulbert et al., 2013) but the Hp 
response has been shown to only peak 72 hours after CRH infusion (Cooke et al., 
2012). The differences in the kinetics of these two proteins means that it is not 
accurate to compare changes in concentration at the same time point after 
imposition of the stressor.  
 
How does this HPA-associated increase in SAA then relate to the stress 
experienced by white rhinoceroses captured in the wild and then transported to the 
bomas for a period of confinement? In the group of rhinoceroses that showed 
good adaptation to the confinement, the stress of capture and transport was 
associated with a significant increase in SAA, while Hp showed no response. 
However, in the rhinoceroses that had to be released due to lack of adaptation, 
varied individual responses resulted in a lack of significant increase in SAA. 
Despite the lack of a significant increase in SAA over the initial period of capture 
and transportation, the rhinoceroses which were released due to poor adaptation 
showed signs of an APR that did not resolve over time, but rather increased 
during confinement.  
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Earlier work showed that an increase in SAA has been associated with 
transportation of animals (Arthington et al., 2003; Fazio et al., 2015; Casella et al., 
2012; Lomborg et al., 2008) and exercise (Valle et al., 2015). Transportation 
following physical restraint also has an enhanced effect on the stress response in 
animals (López-Olvera et al., 2006) and stressors associated with transportation 
and new accommodation can cause an increase in APP (Salamano et al., 2008). 
This idea is further supported by the fact that the plasma Hp concentration in the 
current study continued to rise during confinement. Such increases in Hp have 
been shown when pigs were deprived of food for 24 hours (Ott et al., 2014). Hp 
would therefore appear to be a more sensitive indicator of metabolic stress rather 
than to a psychological stress. A similar finding was made in calves where a 
physical stressor increased the SAA concentration but had no effect on the plasma 
Hp concentration (Alsemgeest et al., 1995). 
 
A further feature of the SAA response can be noted in the marked differences 
observed between the ten wild-captured rhinoceroses and the four boma-
habituated rhinoceroses used in the ACTH trial. There were no differences in the 
Hp concentration between these groups, but the results either indicate that the 
SAA concentration is higher in free-living rhinoceroses than in boma-adapted 
rhinoceroses, or that the SAA response is extremely sensitive to the physical 
and/or psychological stressors associated with the initial capture phase of the 
operation. A study on manatees has also shown that exposure to trauma or colder 
water resulted in significantly higher SAA concentrations than other animals at 
capture due to these additional physical stressors (Wong et al., 2012). This theory 
is further supported by the fact that when the best performing rhinoceroses were 
darted in the boma for translocation, their SAA concentrations were significantly 
lower than those concentrations recorded at capture. The APR to transport is 
known to decline as the animals habituate to their new environment (Berry et al., 
2004). 
 
Is the SAA response to capture, transport and confinement associated with 
differences in HPA reactivity in the groups that show poor and better habituation? 
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It has long been recognized that glucocorticoids are partly responsible for the 
secretion of hepatic APP like SAA (Baumann et al., 1989). In the current study 
both groups show similar cortisol responses to the capture and transport, it can 
therefore not be confirmed that cortisol was the only factor that contributed to the 
observed SAA response. This finding may be due to the small sample numbers. 
However, when the correlation between plasma cortisol and SAA concentrations 
in all the blood samples was examined (i.e. capture and boma data for both 
groups), it shows that plasma cortisol was positively associated with SAA 
secretion. This significant agreement between plasma cortisol concentration and 
SAA concentration has been confirmed in pigs subjected to the stressors of social 
isolation and short road transport (Soler et al., 2013). Even though the sample size 
in this rhinoceros study was small, the significant differences in SAA observed 
when the rhinoceroses are unloaded at the boma suggest that this biomarker may 
be of use in identifying rhinoceroses that could be at risk of failing to habituate to 
confinement. This finding warrants further investigation. 
  
Another area of investigation should examine the effects of longer periods of 
confinement on the APR in the white rhinoceros. Even in the group of best 
performing rhinoceroses there was a tendency for Hp to increase compared to the 
levels obtained at capture (P= 0.059). In zoo-managed black rhinoceroses 
concentrations of SAA are elevated compared to free-living rhinoceroses (Schook 
et al., 2015). This previous zoo animal study also concluded that the captive 
environment could be contributing to increased inflammation and metabolic 
derangements in captive rhinoceroses, which may later lead to increased risk of 
developing insulin resistance and diabetes. 
 
It is uncertain what exact role SAA plays in affording protection from the effects 
of capture, transportation and confinement in these rhinoceroses.  However, a 
review of possible amyloid function concluded that SAA must have a very 
important physiological role, since SAA genes have existed for at least 500 
million years and that SAA’s amino acid sequence has remained largely 
conserved over this period of time (Kisilevsky and Manley, 2012).  A similar 
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conclusion was made by Ye and Sun (2015) who proposed that SAA has a 
homeostatic role during the course of inflammation.  One specific mechanism of 
its function is that it binds with HDL, increasing the anti-oxidant potential of these 
molecules (Sato et al., 2016). It is thus hypothesized that increased levels of SAA 
contribute to boma habituation success through the role it plays to maintain 
homeostasis during inflammatory responses that may occur during the 
confinement period. 
 
It is furthermore proposed that; in the white rhinoceroses; where the SAA 
concentrations significantly increase as a result of capture and immobilization and 
the subsequent transportation in the wild, there is an increased chance of 
successful habituation to confinement. This initial finding needs to be confirmed 
by firstly expanding the number of rhinoceroses in the study group, and secondly 
by investigating the effectiveness of on-site testing kits in determining SAA 
concentrations in the rhinoceros at capture. 
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CHAPTER 6 
 
Conclusion 
 
Animal numbers over the entire continent are diminishing because of 
anthropogenic impacts. In light of this, conservation efforts to prevent the loss in 
biodiversity need to be intensified in order to facilitate the recovery of the 
endangered species. Almost three rhinoceroses are being poached every day in 
South Africa alone. Poaching of rhinoceroses in South Africa increased from 13 in 
the year 2007 to 1215 in 2014 and 1175 in 2015 (Savetherhino, 2017). At this rate 
both the black and white rhinoceros populations will be destroyed within a few 
years. By translocating and re-introducing rhinoceroses into other areas we may 
save the population from extinction. Operations like these are, however 
accompanied by stress on the animals which may strongly affect the successful 
outcome of the operation. In our study, we validated a technique to measure 
adrenocortical responses in white rhinoceroses. We also assessed the stress 
associated with capture, handling, confinement and transportation of white 
rhinoceroses, with the ultimate goal being to be able to determine an animal’s fate 
at the time of capture and translocation. 
 
Other research initiatives which ran concurrent to and were associated with this 
study included; biochemical values of free ranging white rhinoceroses (Mathebula 
et al., 2012), the use of butorphanol in the immobilization of free-ranging white 
rhinoceroses (Miller et al., 2013) and the development of a scoring system to 
improve decision-making in the adaptation of white rhinoceroses (Miller et al., 
2016).  
 
In this study, we concurred that the stimulation of the HPA axis through a single 
intra-muscular injection of a synthetic analogue of ACTH, Synacthen®, produced 
a significant increase in the plasma cortisol concentration. This subsequently 
induced a significant increase in the FGM concentration in the white rhinoceroses. 
The dose of Synacthen® also resembles the response to acute stress caused by the 
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capture and immobilization processes (Kock et al., 1990). Data from wild-
captured white rhinoceroses confined to the boma confirmed that 
physiological/psychological stressors associated with capture and translocation are 
sufficient to produce measurable increases in the FGM concentration in 
rhinoceroses. 
 
We found that white rhinoceroses have variable responses to capture. This 
suggests that there are individual differences between animals in response to 
handling and transportation after capture. White rhinoceroses show low 
concentrations of FGM at the time of capture, but this increases within four days 
of confinement after capture. This is an indication of strong stimulation of the 
HPA axis. This initial stimulation is followed by an average decline in FGM 
concentrations between 14 to 17 days. A further point of interest noted was that 
the FGM concentration does not return to pre-capture levels when the 
rhinoceroses are confined for extended periods. There is thus evidence of 
behavioural habituation but HPA axis activity shows that there is in fact no 
physiological habituation.   
 
Our study also showed that under conditions of increased blood cortisol 
concentration it can be expected that gastrointestinal transit time is extended and 
may be associated with reduced feed intake. In addition, the extended 
gastrointestinal transit time should be considered when evaluating stressed 
rhinoceroses to ensure that the measurement of FGM corresponds with the timing 
of the stressor being evaluated. 
 
Results from this study also showed that it is important to minimize the stress 
responses through good planning and management. The design of the holding 
facilities is very important for success and goes hand in hand with intensive 
management of rhinoceroses in confinement.  
 
Although FGM measurement is non-invasive, the time required to complete the 
extraction and assay takes several days and it cannot be used to predict a 
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rhinoceros’s fate at the time of capture. For this purpose, a more rapid field 
assessment is required. Our study on acute phase proteins (APP) and the acute 
phase response (APR) showed that it may in future be the tool needed to predict 
the fate of an animal at the time of capture. APP concentrations are currently used  
to assist with prognosis of diseases in companion and domesticated animals (Cray 
et al., 2009). Several reports have also shown that APP are relevant as biomarkers 
and indicators of stress (Cray, 2012; Cray et al., 2013) and that serum amyloid A 
(SAA) and haptoglobin (Hp) are two APP associated with exercise and 
transportation in endurance horses (Valle et al., 2015; Cywinska et al., 2010). 
 
It would appear, from our study, that the changes in SAA concentration is more 
sensitive to the effects of immobilization and to the exposure of elevated plasma 
cortisol caused by capture, immobilization and transportation. Hp seems to be a 
more sensitive indicator of metabolic stress rather than psychological stress. It 
was found that immobilization of 60 minutes increased SAA. When this 
immobilization is also accompanied by an ACTH-induced increase in plasma 
cortisol, there is a further 3-fold increase in SAA. This suggests that circulating 
SAA is acutely influenced by the prevailing cortisol concentration. However, Hp 
shows no such effects.  
 
How does this HPA-associated increase in SAA then relate to the stress 
experienced by white rhinoceroses captured in the wild and then transported to the 
bomas for a period of confinement? Our study showed that in a group of 
rhinoceroses that showed good adaptation to the confinement, the stress of capture 
and transport was associated with a strong SAA response. Another group of 
rhinoceroses that had to be released due to lack of adaptation showed varied 
individual responses that resulted in a lack of significant increase in SAA, with 
signs of an APR that did not resolve over time.  
 
Another question asked was; is the SAA response to capture, transport and 
confinement associated with differences in HPA reactivity in the groups that show 
poor and better habituation? Our study showed that both groups presented similar 
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cortisol responses to the capture and transport, it can therefore not be confirmed 
that cortisol is the only factor which contributes to the observed SAA response. 
When the correlation between plasma cortisol and SAA concentrations in all the 
blood samples were examined, it however, showed that plasma cortisol is 
positively associated with SAA secretion. Another area of investigation in future 
should examine the effects of longer periods of confinement on the APR in the 
white rhinoceros. 
 
It would appear from our work that successful adaptation to confinement in white 
rhinoceroses was associated with a significant increase in SAA concentrations in 
response to capture and immobilization in the wild and the subsequent 
transportation to a holding facility. This initial finding needs to be confirmed by 
expanding the number of rhinoceroses in the study group, and by investigating the 
effectiveness of on-site testing kits in determining SAA concentrations in the 
rhinoceros. The significant differences in SAA concentrations observed in 
rhinoceroses in this study after capture in the wild, suggest that this biomarker 
may in future be used to identify rhinoceroses at risk of failing to habituate to 
confinement. This however warrants further investigation. 
 
This study on white rhinoceroses also delivered some unique achievements. In 
validating a non-invasive assessment of stress in white rhinoceroses a 
comprehensive ACTH challenge was done for the first time on white 
rhinoceroses. It was also the first time an assessment was done on the capture 
variables that may influence the successful outcome of white rhinoceros 
confinement. The study furthermore also used FGM to identify management 
issues in the boma placement of rhinoceroses related to dominance structures and 
social behaviour that was not done before. It was also the first time that the 
measurement of SAA and Hp was used after an ACTH challenge, as well as at 
capture and after transportation of white rhinoceroses. In doing so a possible 
biomarker to determine the fate of a white rhinoceros at the time of capture was 
identified. Lastly, it paved the way for future research in this field to improve the 
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management of rhinoceroses in confinement and to ensure successful 
translocation to save this species from extinction.   
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